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The following paper gives the detailed I'esnlts obtained in a 
large series of tests of poisons on caterpillars. These tests wao'e 
made in the hope of finding a substitute for Arsenieals. Wheii 
Lead Chromate was discovered tlic work was stopped as tlio \}\\u‘- 
lical result had been attained, but it is desirable io |jul>li,sli the 
detailed results as a contribution to the study of insecticides. Sonu' 
of the various compounds found to have definite ]>oisoning or 
deterrent action may be of value outside India thougli they are 
of no value licre and tlie detailed results are on a huge enough 
scale to be reliable. This work was done several ycai‘s ago and 
its publication has been delayed by the pressure on botli of us of 
other work. 


The 21st October 1912. 


H. M. L, 
iL S. F. 




INQUIRY INTO THR INSECTICIDAL ACTION OF 
SOME MINERAL AND OTHER COMPOITNds 
ON CATERPILLARS. 


H. MAXWRLl.-r.EFROY, k.k s., k.z.s., 

AND 

R,. S. hINLOW, li.sc. K.c.r<. 

The use of poisons for the destruction of insect']3ests has liccoine 
almost universal in modern agriculture where skilli'd labour is 
employed and where the value of the crops is suflicieut to warrant a 
considerable expenditure in the prevention of loss from this i-aiisiH 
Tliough vegetable poisons were, perhaps, the earliest in use, as the 
al'h plant or the nim in India, modern cjitomology has (ievelo]ied 
the use of virulent poisons, which van lie applied in very small iiuaii- 
rity and yet be suhicient to render growing plants poisonous to mau\ 
(hisses of pests. Arsenic is the only poison now employed on a 
large scale to poison the food of insects, and its various (‘ompounds 
have been in constant use for ovei' half a century, i ompounds ol 
arsenic all have one disadvantage, in that careless applitation n ndms 
the crops poisonous not only to insects but to cattle. Hu. Ctinhi 
application of standard arsenical washes to a fo(hh i ^ * 

instance, will give it imminiity to many insect-pests such as t a 
eating caterpillars, grasshoppers, etc., but should the stnngl t o ( u 
standard waslr be exceeded, cattle to whom it Is fed nni 
signs of arsenical poisoning. In the United vStatcN tliis ( o ^ 
appear to be a disadvantage, any crop that is sprayed being unet 
fi'om stray cattle that would be likely to feed in such a uop, 
lias been recognised that the poisonous nature of the ai’se i 
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an almost insuperable object ion to its general use in Indium 
Agriculture. 

The use of arsenic as an insecticide appears to have been sug- 
gested originally by its poisonous action on human beings. Tlio 
digestive ]>rocesses of insects are of a different nature and it is reason- 
able to suppose that there may be compounds which are poisonous 
to plant-eating insects and innocuous to cattle and man. The use of 
liorax as a cockroach poison is a case in point where an insect 
can be destroyed by a substance which is far less harmful to umii 
and domestic animals. 

The following pages give an account of the experiments madi' to 
determine how far other substances than arsenic were poisonous 
to plant feeding insects. The basis of the enquiry was a slender one. 
as tliere was little to show what class of compound would be likelv 
to be effective. Apart from theoretical cousideratiouSj a substance 
to be a practical success must be (1) readily obtainable, (2) unaffect- 
ed bv rain and atmospheric inffuences to a considerable extent. 
(3) cheap, (4) without effect on plants, (5) effective at weak strengths. 

Substances soluble in water would be washed off by rain and 
would be liable to injuriously affect plant tissues ; Copper 
sulpliate is a substance distasteful to insects, but it is soluble in water 
and exerts a considerable poisonous influence on living plant tissues. 
Lime on the other hand is insoluble in water, resists atmospherie 
influences, luit is ineffeetivf^ unless applied very densely to plants. 
One of the advantages of arsenic is its v indent action. A plant 
sprayed with water containing as little as one part by weight of lead 
arseniate in one thousand is poisonous to many insects ; at a strength 
of 1 in 500 (I \b. in 50 gallons of water), the fluid is the standard 
spraying mixture and renders plants poisonous to all plant-eating 
insects. Paris green (Copper Aeeto-Arsemte) is still more virulent 
and can be used in smaller quantities. Evidently then it would l»e 
an advantage to have a compound that is very insoluble in water, 
that is unaffected hy the atmosphere, that will not injure the phint. 
and that will be effective when applied in small quantities. The 
choice of compounds to test was no easy matter ; omitting arsenic 
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compounds, the compounds of boron are alone indicated amontT 
mineral compounds, unless wo include such poisons as antimoinn 
mercury, lead, which affect man. Borax and allied com])ouu(ls 
,vere worth testing on the analogy of the cockroach poisoning, and 
^vere included on that account. Otliei* known insect ]ioisoiis, 
used mainly as contact poisons, did imt seem wortli testing as tludr 
action is known. These include (1) soaps, (-2) petroleum and miit- 
eiul oil, (3) alkaloids of tobacco and otlier ])lants. (4) such com])ounds 
as phenol in the form of carbolic' acid, sanitary fluid, creosote oil. etc., 
(a) rosin, (0) .sulphur. Tlielast is a known specific' for specdal pests 
Midi as red spider, but does not appear to act as a stomncdi poison 
to insects at the strength usually applied ; it was however included. 
With these considerations in view, a selection of insohil)lccom])onnds 
was made, which were tested with a mnnher of compounds of boron. 
The substances selected were such as were readily obtainaldc or 
which were worth proparitig for some special reason. The original 
aim was to investigate the comparative effect on insects of tlics(‘ 
(‘ompounds with a view to eliciting anv general facts that might aid 
ill the later selection of snitable compounds for dual and exhausti\’e 
trial, working from these to a compound tlia1 would be a ])racti(‘al 
possibility on a large scale in the field. 

Prelimimrf /. — A set of tests wei’c made on larvm of Caiadrimf 
cj'igna feeding upon lucerne. Approximately ecpial (piantities cd 
the powdered substance were taken, by volume, and placed in wide- 
mouthed glass stoppered bottles with equal volumes of water (6o. 
C.C.). The food was placed in the shaken up li([ni(i, the bottle .shaken 
up and the leaf removed and diked. All were given as much to 
eat as they recpiired and were kept under the same conditions as 
normal larvae which were reared upon uiii>oisoned food. The leaf was 
found not to be easily w'etted so it was just dipped in alcoliol and 
rlieu into water to break the surface film; the leaf was then easily 
wetted in the poisoned water, The following compounds wei-e 
thus tested for one week, and as a result of the test tliose in italics 
were omitted from further tests as being unsuitable. Borax, Copper 
Sulphide, Magnesimn Carbonate, Boracic Acid, Zinc Oxide, Antimony 
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Sulphide. !ron SulfJiide^ Mamjanese Dioxide, Barium Coxbouitif^ 
31agnesiuM Oxide, Lead Carbonate, Lead Sulphide, Lead Peroxiih 
(Red Lead), Barium Borate ; Copper Borate, Lead Borate aiid 
Barium Oxalate, were afterwards added. The basis of selection of 
these substances excepting in the (vase of Borax and Boric Acid w.i.s 
the pi'operty of forming insoluble compounds with Pliosphoric Arirl 
which is said to be ]jresent in large (juaiitities in the alimentary canal 
of caterpillars generally. It was thought that if this is the case, 
the alimentary process might be interfered with to such an extent 
as to incapacitate the caterpillars for further damage, by administer- 
ing with its food, sufficient amounts of bodies which form insolnlilc 
compounds with pliosphoric acid. As a result of these tests, in 
attempt was made to secure greater accuracy. It was found, for 
instance, that young lar\n^ were poisoned more rapidly tlian slightly 
older ones ; also that larvae nearly full growm ^vere apt to pupate 
before their time, apparently under the influence of slight poisoning 
or because they objected to the food given. Larvae more nearlv 
of an age and not near to pupation were then used. It was decided 
that it was useless attempting to give known amounts of food and 
more accurate to give as much food as they could eat. 

The chief w^ay in which accuracy could be obtained was by using 
as far as possible chemicallv equivalent amounts of each compoumL 
Some additional compounds were added as stated above., rtz., 
Barium Oxalate, Lead Borate and Copper Borate. 

The amounts used are weighed in [1. equivalents of Arsenic in 
Lead Arseniate (Pb, (As OJ 2)5 taking 1 gramme of Lead Arseniatt' 
in 100 c.(v of water as standard. 

Tlie weights actually used are, per 300 c.c. of water 


Arseninte 

.. (■: lu) S0-S7 

loi'imila as.<iinied 

(Pb, (A-. 0,),) 

3 u;r. ]H'C 300 <•. 

Lead Carbonate 

.. ( ■:■ :i) 

PbCd, 

4'44 

Lead Sulphitb* 

( :- 2) J 19-5 

Pb,S 

3'9ti .. 

Red Lead 

.. ( :- G) UL! 

Pb.lL 

3'7 „ 

Rarium Borate (Yl 

.. ( :12) 21 

BiiB, 0; (?) 

O'S „ „ 

Boracic Arid 

(-r 21 

B(0 H), 

U’7 

Borax Aq. (10) 

.. (1-12) 32 

Xa, B, 0- lOH.O 

PO 

C'opper Sulphicie 

.. (V 2) 47-S3 

(Ju S 

I'G „ „ 



Li:i-’R 0 V -\xi) i-lNLoW. 


^,,1. U.-fido 

, m2) 40-7 

Zii 0. 

I'd 

Amimcmy - 

, (t 0) jf.) 

Sb, S, 

l\S 

('opic'i^ t5oriite (i) 

. ( :-i2) 18 

Cu B, (J. I?) 

0-()L) 

Lead Borate (?) 

. (-:-12) 30 

Pb B, 0, (V) 

I'OO 

pniiitn Oxalate 

, (d- 2) 122 

B:l (A. o, 

I'l 


I gr. IA‘ 1 ' iuu c.c. cqmvdciil (-. I lb, ol l/.Nid Aisoiiintc in HI <>f wairr, ,vbidi i- 

5 times ii.s strong as the standaRl wash and is tlu-ee times as stmim a^ (hr st roir^.' t u,.-h 
t.v<i used. 


Estinudioii oj poi^otiuuj eipxi.—'i^Q larvae iisinl weiv kept in 
boxes or open dishes, fed with iie.sli food dipped m the poisoiuul 
li<(uid. JiiVery precaution was taken to ensuLe an uniform distri- 
bution of the poison in the liquid and of the liquid ovei' the leaf. 
The leaf was then dried and sufficient ^iven to the catm-piliais. 
The amount actually given was so arranged that t in' larvm would 
cat at least fifty per cent, of the food : wlieii too much was given tlu‘ 
kirviC could pick out leaves not so imudi [)oisone(l hut by causing 
them to consume nearly all the leaf, the absor[)tion of approxi- 
mately equivalent ([uantities of poison was misured. Tdie larva- 
were fed twice daily and were under observation at intervals through- 
out the day. As each died the time was noted on the cage slip, 
A sample cage slip runs as follows : — 


Copper Buratc. I'u gni.s. (per 300 e.e.) 
iiiJ Cfitcrpillari^ piU in 0 p.iti. 

1 died d u. 

4 died ill night ol 
(3 paraisiti.-^ed. leinuvcd). 

2 died iji iiigid. <>i 
2 died JO A.iM. 

2 ditxl 2 F.M. 

4 died ;> P.5I. 

1 died ill night 
(I piira^Uiscxl 

la ptd ini a.nt. 

2 died in iiiglit of 
2 _died in iiooii 

1 died j I’.M. 

4 died in night of 
4 died at 5 r.M. 

2 died in night 


C. Kxi'jm. 


21 . r. 

Nn. 'rilllv. 

-Mnllipb'. AeeraL-e. 

22. V. 

1 22 

22 

22. \'. 

4 do 

12') 

2d. V 

2 :a 

los 

24. V. 

2 00 

!d2 

24. t'. 

2 TO 

111) 

24. \'. 

4 71 

284 

24. V. 

2.-). V.j 

1 so 

80 

JO 

880 dO 


2.7. \ . 



20. \. 

2 41 

S2 

27. 

2 dd 

i(i0 

27. 

1 .-.8 

.7s 

27. 

4 Od 

20(> 

28. V, 

1 82 

328 

2S. V. 

2 81.) 

178 


1012 07 
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Nil. Tiin<‘. Aviv,*-. 

) -t 1 

7 10 112 

i 40 40 

:i JOO :iuu 

1 2 400 :{s " 

To compare those, tlie hours from time of lioiiig })ut in to riim. 
of death are ]>ut down oji the riglit hand column. Tliosc figures 
are thou averaged up and the average taken as the poisoning vahu* of 
tliat compound at that strength and on that insect. The avoiagc 
in this case is 54- and the results shortly stated arc that the poisoning 
period (Lethal Figure) of Copper Borate at onCaradrina exiguu is 
54 hours. The larger this figure the slower or less effective the poisim. 
The hgiires for the eompounds tested are tabulated below: — 


lO'pvi .. .. 1. !’/. 

1 (lied at nuun . . . . 1, AT. 

7 died in nijjhl nf . . . . 1. VI. 

1 died ill niirlit ( f .. .. 2. \T. 

(1 para sit isf(l). 

3 died at n<M.tii . . . . 5. I’l. 


Taulk 1. 


i 



Niinilx-i .,1 

Name. j 

j 

.\niniml 


i-aletjiilLr., 

.. -j 

Cojiprr U^nalr .. .. .. .. j 


4S 




.70 

.><) 

! 

\'i:\ 

40 

7;; 

(Vij'piT Sulphide' .. .. .. i 


4S 


Antiinuiiy *^ul])liide .. .. .. 

■i; 

-1 


Kcd JAiid . , . . . ■ ■ 

i'2:i 

41 

.)0 

Lead .Snlpliide , . . , . . . . ! 

!•:{ 

40 

.)S 

Zinetdxidt .. .. ,. ' 

■4:; 

47 

42 

Lead Carlxjiiate 

rui 


12 

Hariuiii Oxalate 

I’dt) 

HOIK' 


lloiax 


none 



1 -o;? 

11 

is 

Borax and 

l UA / 

47 

17 

Lie. 

.■> ).» i 



Bolie Arid 

■2:5 

muie 

07 


.. .uid ( 
l.<n . i 

- 1 

70 

il-S 

Bui iu'ii Boi at e , . 

1 

mu”' 

j 


Lead Rural e 



Mi 


In the next table, the maximiiiin minimum and lethal figuro' 
are given for each compound for each kind of larva experimental 
witli. The letlial figure is given as a fraction the numerator of wliiib 
represents the average duration of life in hours and the denoininotor 
the number of larvae killed in that time. 




LEPROY AND PlMOW. 


2T0 


Tahle IL 


Name. 

AmoiinL 

Li-ijiV], 




.0 

Mitiiimiiii. 

Mean. 

Ma.yiiiinni, 


Coj)jK'r UoraUi 

•.■5 

13 4 

48 33 

S4 1 

C. cxi Mia. 



7 1 

SSC 12 

34 3 

r. loiiir.di... 



:S 

44 i:s 

TS 1 

A. pSrxij.ji.i. 




.>0 .)U 

S4 2 

( . c\ii;ua. 



1 ■ ‘ - 

42 7 

15(5 2 

A. [ik'.\ipp:i.. 



is 2 

112 10 

!>0 2 

I‘. 


1 Y:i 

(; 3 

40 73 

00 4 

c. f 

( ..jjpt'i' .Sulplii Ic* 

J'2:} 

(i 'i 

I S ir, 

33 

(53 4 
(50 4 

A, 

C. (Aicii;* 


■.>:s 

Mi 1 

3S.'3 

32 1 

1*. lltinial!'. 

Aiititiiotiy Sulphide 

■VS 

•b 

IS 2 
li 3 

40,<i 

23 NO 

(*/ 3 

A. 

( ’. c\!i;uj. 

ix-ad 

■0 

7 3 

10 23 

31 2 

A. [ticMppiis. 

1 2> 

7 4 

41 30 

(5(5 0 

('. cxiciia. 


1 ITS 

24 :S 

31) 13 

37 1 

A. j»lr\ip)iii .. 


1 ■ 2:1 

]() 1 

44 0 

71 = 1 

IV Ottni-ali:. 

b ad Sulphiih' . . 

\-:i 

‘J !) 

40 3S 


( '. cxiciia. 

Uaiiuin Oxalato 

i-;s 

1() 2 

4r> lu 

00 2 

A. {)!cxi|>|>ii'. 

l‘M\ 

.1 ii'Uulnncd a 

> witboiil i 

O'ccl . 

U'uHairboiuiS' 

ejo 


7N 12 



Ziisc Oxide , , . . 

■4:s 

S 4 

43 42 

07 3 

C. c'.imia. 


■Li 

liu cfVcct 

(0 u>cd) 


A plc.vippn-,. 

J.Virnx 

i ‘da 

IH) cll'cct. 



( '. cxi^'Uii. 


1 C(>3 

12 2 

41 IS 

1 1 1' i 

,, 



1!) 2 

3(5 i) 

70 1 

IV lUtnMlr^. 


10:1 

l:s ,2 

32 S 

(53 2 

A. jilc\i[)jni . 

Rnrax {iiid Lac 

1 I'lrs) 

1 v J (i ( 

3 4 

43 1 7 

120 4 

C. cMciia. 

(Sna]») 

3' 1 (i 

;S( > L 

42 1 1 

; 72/1 

A. plcxipi-ii^. 






(^larvaDdiii, 

IJuKu ic Acid . . 

■2:s 

n<i c 

fircl. 


( ', cxiciia. 


■ 7 

13 1 

07 20 

j 02 3 

(V <‘Xicua. 


■7 

:sn () 

33, S 

34 1 

IV lit 1 1)1 alls. 

Bnracic Aekl and Lac 

f7 1 
US' 3 1 

21 2 

30/ 3 S 

73 4 

(', cxi.irtia. 



died iil 

t ;ir\ at inn. 


A. plc.\ii)|)ii-' 

1 Sari urn B(jrate 

(r2 

IKI 1'C^ult. 





cs 

3()/ 1 

34 0 

i 02 } 

(’. c.siiiiia, 

hcaii . 

■:s:s 

344 

70 1(5 

1 0(5 4 



Theise figures arc 011 the whole apparently valuable ; there is 
a general eoiicordanee between successive batches oi the sane* 
species treated similarly ; the average liguiv produced is a useful 
index and the high poisoning figure of antimony (23) really represents 
a very great mortality of tlie larvae ahout that time. In the ease ol 
Anosia flexljqms^ a very marked disinclination to eat the leaf iti 
«oine cases led to starvation and poisoning cannot Ije said to have, 
oceuixed. As a result of these experiments, certain eonclusions were 
anived at; borates do not exert a marked poisoning elleet ; copper 
borate would appear to be poisonous as a copper salt not as a borate. 
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Of the Lead compounds, Lead Bulphide and Red i.ead are 
equivalent, Lead Borate and Carbonate inferior. Barium com- 
pounds are apparently innocuous. 

As a check, larvae of Sf/lepta wore fed in exactly the .same 
way on untreated food and on food dippial in .spirit and water. 

The following are the results : — 
iVo Ireatmenl. 

20 caterpillars put in on 11th September. 

17 ,, alive on 19th ,, 

10 moths came out on between 2oth 8c]>teinber and 2nd October. 

(Jne pupa was killed in handling. 

Fed with leaver dipped in ^^pird and waler. 

14 put in 12tli Seplember 

11 alive 18th ,, 

1 1 moths out between 2otli September and 30tli September. 
The preliminary treatment of the leaves with spirit, therefore, had no 
effect on the larva). 

These results being indecisive, a larger range of coinpounds \va.s 
chosen to elucidate if possible any general poisoning eh'ect.s on cater' 
pillars. The following Table (111) illustrates the results obtained 
^yith a varied assortment of substances all of which failed ; — 


Table 111. 


Submit 

Anmunt 
; in 300 c.c. 
liquid. 

Result. 

.Subjci i. 

Acctainidc 

.. ' 20 

1 

died in 30, 

C'aradrin.i. 



•} 






M „ 00. 




10 

were left. 


Mot;ipht*!\ylt!iU' diamine* hydrochlrirula 

2-4 

.3 

ilted in 30. 

Caradrliai. 



2 

60. 




11 

M cie left. 


I’liciiyl liydraziiK' liydi'inihluridc 

.. : i-s 

2 

died in 30. 

Caradritiii. 



6 

„ „ 60. 




12 

were loft. 


PoUsisiuiu chluruk* , . 

2‘.') 

3 

died in 24. 

Canulriii-u 



4 

„ 30. 




4 

„ „ 04. 




2 

were r>arasit lsed. 




7 

were left. 
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Table 111 — contd. 


Su'j^'uiKr- 

AtnuunI 

in :>t)0 c.c, 

1 loiilt . 


S(ld]i . I 

v.idiutti (Jai'buiuUc . . 

li'iuid. 

11 

} tlit’i] in :;ii. 

! 

C.D.nlin,.,. 

('hlorulf .. 

;i'i 

*' (ill, 

.■> u.'lf lel'l, 
il 'liei.l in 


( at.idni, n 

Fcrroi'yaiiifk' 

2't) 

lii univ I'.Al.’* 

1 dieil in iVt, 


iandtll.t. 

Komc-yaiiltic 

I'S 

\rciv lrf(. 

2 di*M in :!l,, 


( .ir.ninn... 

Ma'jiu'MUtu Siilphalf- 

II 

A ,, (id. 

1 2 urn' k'fl. 

1 died in . 1 . 


( ,1 r ii It in.i . 

I’ii I K A< i<i 


1 .. ;i(i, 

) was [jiiiasili- 

2 died it) ■>■1. 

4 ,, (id. 

7 left. 

1 (lied in, 21. 

nd. 

(at.., inn,'. 

piilas'iuiii J{i< tuxHiialc 

]•<» 

A .. (ill. 

Id wnn'ldl. 


('..i.tdiiii.i. 

Morpliiiir 

o';l 

2 |tara^<liM'd, 

"i 'lied ill (id, 
Id wnrn InCt, 

1) died in SI. 
Ill wrn'lnft. 
i:; dint! in i:;. 


( ai.nliiii-i 

AiiitHoiiiiftii Pci'stilpiialc 

Fit 


( ‘aiailiinti. 

Aiiinioiiiiim JN-rsulphatf 

!■<» 

2 24. ( 

2 .. .. :;ii. 

t .-.2. 1 

1 .. Kiit 

1 died in (). 


Avn,','.-.' 

22 2d, 

( annlt ina. 

Aininuiiiiiin Pcrsu)[>luit<‘ 

I■»| 

7 ,, .. (id. 

d were tni't, 

I died in (i. I 

1 

S\ icjtta. 

Iwriuiu l\‘i'o.\ul<' 

'J' 

it .... 2(i. I 

A .. .. fid, 

1 .. .. 72. 

2 .. ,,S4., 

.\'n nlH'i't. 

1 

1 

a 

( tii.idi'iii.i 

^Diliiiiii Benzoate . . 

' ! 4'S 

N'o ellnnl, 


( avadi ina , 

< iilk'iu 

(inl 

1 rlicd ill i 2. 


I'inJ'iii. 

Cannliina, 

St' Hum Tartrate 


2 (id. 

id 81. 

A wci'n !cdt 

1 died ill fid, 


I’l. lid. 

^I'K' S||l{ihide 

i'-'i ' 

! 

IS |jup;dfd, 

1 s.'<t (‘ffccl. 


)Hfnd. 

( '..ridrina 

I’arlaric Acid 




(’a riidritia 

Alum 

■ 'V<! 

I 
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TAiiLE 111 — condd. 



Aiiiuunt 



Su 

ill :j()U c.c. 

Kc.su It. 

Subject. 


liquid. 

J)icd in to 7 days. 

i’iorid. 

Clirotiic Alinii 

A’ j 

No ctfcct. 

Caradrii) ). 

Sulphur 

0 A 

- ” 

Pierid, 

(Juitiino 

AO 


Caradrin.i. 

Pierid. 

Carbula- Ai id 

:so 

Oiu' died oil iUCount 
of contact ctfcct, 
tlu‘ acid producinf:; 
a ^^o^c on tlic ^hiti. 

(.'aradriiia. 

' Piciid. 

Siu-riiii':' Acid 

^ ]■[) 

Xo c'tfcct. 

( 'aiadrin.i. 
Pierid. 

Sudium Succiii it<‘ . . 

■IH 

No cticct. 

( aradi’ina, 
Pit rid. 

raiiiiic Acid 

:;o 


( !aradnii;i. 
Jberid. 

(la! lie Acid 

:v\ 

- ■' 

Caradriiia. 

Pierid. 

Ih'ucino 

u:; 


< 'aitulrinn. 
•Syle pla. 


In Ta1)le IV wc illustrate the action on tlirec difeent catei- 
pillars of varying strengths of one compound to sliow the degree of 
variation experienced — 


Table IV. 


Amount in 




Sub-'tance. 

.WO c.e. 

caterpillar^. 

1' iLUire, 

Specie^. 


(dll'. 




Co pjicr Sulphide 

■A 

ihl 

:id-7 ■, 

Profleni;!, 

, 


1-i 

04 1 1 - 

Caratlrina. 


■A 

IS 

AO n ' 

,, 


A 

14 

01 1 

Ibend. 


i-A 

2i) 

:iA L 

Prodenia. 


lA 

i:; 

70 

PierhI. 


I-A 

1:1 

AS . 1 

( ‘anulrin-). 


1-A 

L*U 

42 4b 



i-A 

10 

:iA-s J ) 



■l-.A 

Lb) 

40 

j Pt'odeiuc 


4 > 

IS 

20 1 1 

1 Carudriu.i. 

■! 

4 A 

Id 

2 :i :n 



4 A 

20 

4! ■ S 



4 A 

4 

24 1 

Alios iu. 


4- A 

10 

2:i 

Pierid. 


4-A 

2t) 

27-4 J 



!)-U 

20 

32 ] 

Prodoni' 


h’U 

lA 


Caradriii . 


iru 

IS 

.w ! '20 

,, 


iru 

20 

2:rA j \ 

,, 


O'O 

18 

10 

Pierict. 


'TO 

20 

17- A ! 
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In Table V arc shown tlie results of a mnul,er of eoiui, omuls on 
various caterpillars ; we give only the average figmv for eai h ex- 
lieriinent. As far as possible not less than 20 rateipillars, of ewn 
medium size, were used, but in some eases the exjierimeuts tuialled 
lip to over 100 individuals in all- 
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z 
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lO'T 
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IS' 7 
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!0 
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i I'S 
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It 






(Vcinklc 
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1 t '2 

41 
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1 7-7 

.’.7 A 
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Id'li 
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is't: 
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fit) I'll X . . 
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Lav Soap 
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TU 
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21 
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41 
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1 72 l 
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Id 
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la 
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70 
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1 

71 
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20 
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ih 
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1 . . 
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• 
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I’S 

27’ 15 





I4 d : . , 


Morourio Chloride . . 

4’. 7 

:d)'4 

' 77 







I'd 

iki-:} 





is'.h : . . 



OT) 

:}d'7 





2S’S 

2.1’ 2 


Uitiiiion v Sul Jill nk‘ 

I’S 


27 1 

Id 





Copper Sulphide . . 

1 ^ \ 


7d 1 

24 


40 

, . ! . . 

2r ( . . 


! Id) 


IS 

4d 


7S 




1'7 i 


47';! 1 
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Eethal Fig UK e. 




* 







Sulj>:laiKV. 



. 


_2 



4 




|1 

1 

i 

i 




i 

i. 

J 


< 

A 

0 

< 


- 






OtIlS. 










Copp'r Sulpliiilc 

0-5 


.■>7-0 



:;o7 



01 


C'hloral Hyclnitt.' 
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3.V8 








Zinc Oxulr 

I'T 
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Stryclininc 
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40 








Brucine 
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07 






20T) 
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Saccharin 

2-0 ! 

oS’7 
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Potassium loiiiile .. 

1 

1 

42 



i 






IiL Table VI are shown tire same figures as in Table V. onlv 
put under each species of insect separately — 


TAliLE VL 


Snljsiarii'c. 

Wci<i[ht of 
suh^^tiuiee in 

(.'alci'iiiihirs. 

Average time 
required to 


3(KI c.c. water. 


in houi> 


(,!nis. 



lotluform . . 

IT) 

Svlc])ta 

S-7 


4-4 
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10- 7 


O' a 


18-7 
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7'.') 


17 0 

Cuprous ( Vuiiule 

1-i) 


1P2 


O' <1.7 

„ 

10*3 

Lac 

4(1 
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jA'ad Arsiuiinfc 

T'U 


17*7 

Calcium (!yanivmui<' . . . . . . 

2‘7 


24(1 
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1-S 
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OT. 

J 
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Saccharin . . 
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(.'aiiulriiin. 

17 


j OT) 


71 ' 


1 0-3 


.H 

Mcnuirous Iodide . . . , . , 

7-5 


14 

la'ad Arseniate . . , . ! 

i 3-0 


10*7 

Anlimouy Sulphide . . . . . . | 

tJopper Sulphide , . , , , , ' 
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23*0 

1 


30*0 


l-.’> 
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1 1-h 


48*0 


OT) 


77 

Chlond Hydrate 
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35*8 

Mercuric (Jhloridc 

1 ^^7 


35*0 
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Tabj.k \l~vouUL 
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Table \l -conoid. 


Siibstflnf'f, 

Weight of 
Ruhstanee in 
300 e.e. water. 

CiiterpillarR, 

Average tin,. 
required to 
bill, in hour- 

Plion, Hva. 

(.1 ins. 

1-S 

Diaerisia. 

140 

Laf 

40 


1.3G (stiu v 

Mi'irurii 

l-O 


ed 3 davs'i, 
18-'*) 

< r\'anarni<li- 

t: 


allliv<al8d..\-^ 


20 


no re.suli. 


(I'l:. 


200 


1-0 


i:-3 

rca<l Ai'scniiilr 

!•() 


44'S 

lorlnform . . . . . . 1 
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rs-o 
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1-0 


!V() 
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IIVT ■ 
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20' 0 

Xaplithalino 

2'0 

,, 

S 3C-1 


]'0 
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Tlie above experiments were all on caterpillars and material 
being available a small series were therefore done on a grasshopper 
{Acridinw aenufinosum). The following are the results: — 
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■iS;i 


SiiManro. 
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1 .. 11 . 
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i .. 
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1 ^ 
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1 12 
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f ,, 

\ 
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1 ’ 

1 1 . Ill 

1 .. UiS .. 

1 ,. 12 .. 

1 .. ui . 
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1 


\Vc olass the rompounds tested as follows— 

Class L— Average killing effort is iindor 20 hours :~ 
fodojorn. 

Lead Arsenlaio. 

Antimoiiy Sulphide, 

White Arsenic. 

Mercuric Iodide, 

Copper Cvanide. 

Naphthaline. 

{\x^^ Ip^Average killing effect is fio?n 20 to 40 hours : - 
Chopper Sulphide. 

Sfrfjchninc. 

Calcinw Ciianamidc. 
sMcrcuric Chloride. 

Copper Borate. 

Red Lead. 

Tjoad Sulphide. 

Borax, 

Boracie Acid, 

C[,Ass III. -Average Idlling effect from 41 to 100 Hours 

Lead { 'aroonate. 

Barium Borate, 
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Zinc Oxide. 

Lead Borate. 

Lac and Borax. 

Lae and Boric Acid. 

The results of tliese experiments are not encouraging as thov 
give us neither a definite principle nor any one compound to select. 
In class I are violent cattle or human poisons ; Iodoform is useless 
for every reason; Antimony Sulphide is too poisonous White 
Arsenic is impossible as it is soluble and poisonous ; Mercuric Iodide 
is poisonous ; (bpper Cyanide is poisonous ; Naphthaline is under 
certain circumstances extreinely valuable arul Ave deal with it fur- 
ther below. 

Copper Sulphide might be valuable and its use is indicated. 
Strychnine is useless on every ground. In class II Calcium Cyana- 
mide might have been pi'omising had not its action on plants been 
too strong (see below). Mercuric Chloride is of course useless; 
Copper Borate might give good results ; so might Red Lead or Lead 
Sulphide. Borax and Boracic Acid were abandoned after tidal on 
plants (see below). Our attention is then directed to Naphthaline, 
t^opper Sulphide, Copper Borate, Red Lead and Lead Sulphide. 

On thinking over these experiments during the cold weather 
while waiting till fresh ones become possible, the Red Lead suggested 
the trial of commercial paints, i.e., finely ground dry paints. 
selection was obtained and tried. Table VTl gives the results. 

Taule VIL 

Dtacrisia obhqua larvae were used and all poisons at 1 lb. iii 
10 gallons of water (1*5 grammes per 300 c.c.) 

Lemon Chrome — 

3 died in 72 liouis. 

I » 9t) ,, 

1 . „ 144 „ 

1 . » 192 „ 

flight pupated, 
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L>8r) 

There was a distinct period of two days starvation l.clnivt hey 

t,,a at all, so that 48 hours should be dedin ted fioiu thes,. 
tiizuves- 

11 Itrmnarine Ehte—'N o a c t io n . 

Yellow Ochre ,, 

Prussian Blue — 

1 died in 60 hours. 

1 . 72 „ 

2 „ ,, 120 ,, 

1 V . 192 

lo pupated. 

Burnt IJmher — 

6 died in 168 hours. 

14 pupated. 

Burnt Sienna — 

1 (lied in ^16 hours. 

3 .. ,, 44 ,, 

16 pupated. 

White Lead — 

2 died in 192 hours. 

15 pupated. 

Oxide of Iron — 

1 died in 96 hours. 

4 „ . 120 ,, 

2 „ 144 ,, 

1 3 pupated. 

Of these Lemon Chrome seemed valual)le aird experiments on 
Diacrisia ohliqua in the open gave very promising results. The 
‘'iJterpillars starved rather than eat plants sprayed with it at 1 Hu iu 
16 gallons. Accordingly this paint was analysed and found to eon- 
tain 5 per cent, of Lead Chromate, wuth gypsum. Lead ( hiomate 
\v;!s then prepared pure and tested ; Barium Chromate was also 
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tested to see if it was the Chromate or the Lead, and if Barium coi.lfl 
replace the Lead. The following I’osults were obtained : — 

liarluM Chromaf<^. 1*0 gramme in 300 c.c.. ?.c.. 1 lb. in :v> 
<ja lions of water. 

JT) caterpillars— I died in 18 hours, 3 more in 60. tlie ivm 
pupated after 100 or more hours. The difficultv of wetiino 
cabl>a«;e leaf was a factor of importance. 

( ) n C(( radriva e.ruj }i(i— - 

10 young put in : 

I missing in 2 days. 

1 4 .. 

1 0 

I pupated .. 5 

the rest missing gradually, 1 suiwived. which pupated on the ]3fli 
(lav prematurely. The caterpillars eat ea(“h other vigorously from 
starvation as the poison upset them without killing them. 

0)1 Attacuf^ riem?'— 

5 2nd instar worms jjiit in 13lh. 

1 died on 15th. 

3 18th. 

1 .. 29th. 

Lead Chrowafe, 10 gramme in 300 c.c. or I lb. in 32 gr.lloin 
of water 

Pier is brass ic(j ^ — 

15 caterpillars —3 died in 24 hours, 1 in 36, I in 96 (average 40}. 
the rest pupated after the 4th day. The difficulty of Avetting ili'’ 
leaves was a factoi' of importance. 

Caradri)ia exigua — 

10 larvae, in 3 days only 7 left, on the 4th day 5 found dead- 
1 died on the 5th day and the last on the 6th day. So long as tbov 
fed oil each other, they did not touch the leaves at all. When tliey 
did, they died. 
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Attac ks rid ini — 

Five 2iid stage worms ; they refused to eat. oulv ivihhliiio- hmv 

there : 2 died in 1 day, 3 in 2 days. 

Diacrma ohliqua — 

1.5 larvic : they starved foi‘ .5 davs — l died om aili dav. I mi 
<iih. 0 on 8tln 8 on the 10th. 

1.5 larvae-: they starved for 5 davs -i di(Ml ouatli dav. i on liili. 
1 1 on 8th, 2 on Otli. 

The very marked feature of tliis. luort' marked evm than with 
Oarium Chromate is their refusal to eat ii, as was also se^m in ilu' rasr 
t)[ eaterpillars in large cages where tlie plants w(ne spiawd, \V*' 
have seen no compound in whicii tins avinsiou is (pint' so markofl. 
and though we used very many Caradrina larva-, wliicli am faitlv 
('annibalistic, it was oidy with these two coinjiounds that tin- eaiiin 
liallsm was so exten.sive. It is clearly a ver\' good d(-t(n'ri-nt aii<l 
when starvation compels, a very good poison. Its gi-iu-ra! qualities 
are discussed below. 



PAUT IT. 

It is clear that the figures obtained are not an absohite index 
of the poisonous effect of the vaiious conrpoiinds ])articularlY witli 
some of the compounds in wliich the action was uncertain. In many 
cases, a few of the catei’pillars were Idlled quite early while otluns 
lived for lojig periods ; it appeared as if either the caterpillars nr- 
custonied themselves to some poisons, or they learnt to detect them, 
or they had a very varying degree of resistance to the poison or to 
starvation. In one case with borax the minimum was 12, the maxi- 
mum 111. AVhere the maximum went over 96 hours, we rejectod 
the compound even if the minimum was small, and of course th(‘ 
average figure docs show the effect of the big maxima. To simplifv 
the question and to give the results more simply, we give here the 
characteristic behaviour of each compound as derived from both 
observation of the behaviour of the caterpillars and the actual 
figures — 

Class 1. — Iodoform. 

White Arsenic. 

Mercuric Iodide. 

Coppei' Cyanide. 

^lercuric Chloride. 

Naphthaline. 

Lead Arseniate. 

Antimony Sulphide. 

Class II. — Calcium Cyaiiamide. 

Lead Chromate. 

Barium Chromate. 

Lead Sulphide. 

Lead Oxide (lied Lead). 
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Boracic Acid. 

Borax, 

Copper Sulphide. 

Copper Borate. 

Class III. — Lac^ Borax and Soap. 
Lae, Boric Acid. 

Copper Tauiiate. 

Lead Carbonate. 

Barium Borate. 

Zinc (Jxide. 

Lead Borate. 

Class IV. — Barium Peroxide. 

Sodium Benzoate. 
Caifein. 

Sodium Tartrate. 

Zinc Sulphide. 

Tartaric Acid. 

Alum. 

Chrome Alum. 

Sulphur. 

Quinine. 

(Jarbolic Acid. 

Succinic Acid. 

Sodium Succinate. 
Tannic Acid. 

Gallic Acid. 

Lac. 

Chloral Hydrate, 

S try cli nine. 

Brucine. 

Saccharin. 

Potassium iodide. 
Lemon Chrome Paint. 
Ultramarine Blue Paint. 
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i'.MI 


Yellow Ochre Paint. 

Prussian Blue Paint. 

Burnt Umber Paint. 

Burnt Sienna Paint. 

White liOad Paint. 

Oxide of Iron Paint. 

Lead Tannat(\ 

Magiu'sium Carlxmate. 
iron Sul])hi(le. 

Manganese Dioxide. 

Ihirium Oaii)onate. 

Magnesium Oxide. 

Barium i )xalat('. 

Acetamide. 

Metaplienvlene Diamine Hydrochloride. 

Phenvl Hydrazine Hydrochloride. 

I\)tassium (hloride. 

Sodium CarV)onat('. 

Stannous Cldoride. 

Potassium PeiTOcyanide. 

I'erricyanide. 

.Magnesium Sulpliate. 

Picric Acid. 

Potassium Bichroma t(L 
Mor[)liine. 

Ainmoniuin Peisulphate. 

'rile results are expressed as follows : — 

Tlu' number of larvic used (No. 10) : the mininumi period 
is the number killed in tlie slimiest period (mliuiuum 3 0 uieiun 
■■ three kdlled in () hours ”)• 

” Die maximum period is the number that died last and 
their periotl (maximum 2/30 means -Mwo killed in 30 hours )• 
average is the a\'ei‘ag(‘ figure as worked out on pages 281-2. 
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Lead Arseniate. PL; (AsOJ.,. 

Siflefta muUiUiienJ k — 

S'O grammes per 300 (xc. 


\u. Miiiiitititii. 

Mu \ i (111 nil, 

.\Vrr,iuV. 

10 :{ ti 

2 40 

I7*!l 

ii) 7 7 

4 :}7 

10" )l „ , 

20 1 (i 

2 4!' 

l!l-4| ' 

20 0 0 

e4!l 

lO’O 

Caradrina exujua — 

3'0 grammes per 300 c.c. 


Xo. M iuintiitii. 

M.ixiiii iiiii. 

Av 

20 a r, 

ii ;;o 

^ ' 1 iO'5 

1 7 .1 .1 

l:5s 

As ‘ 

Prodenki llUoralis- - 

3’0 grammes per 300 (. 

AC. 


N(^ Minitnuiii, 

.Ma.xiiiiiiMi, 


20 S !2 

0 40 

2 1 1 

\i\ 1 1 

1 

2s ‘ 

'ierid — 

3'0 grammes per 300 r 

AC. 


\ii. Mi niin lull. 

M;i \iinu til. 

L'C. 

20 14 li 

2 12 

' 1 

20 10 4 

III 1 1 

oL 

S ,') (> 

1 21 

1 

f ) Hia' AS ia obJiq i u i — 

I’O gramme per 300 e.e. 


Xu. Miiiiniiini. 

,M ; 1 N i 1 1 1 1 1 n 1 . 

AMT.r.ti-. 

u; 2 7 

1 07 

Ii :. j 

10 t 42 

0 


20 ‘>7 

I !■' 

:17 ' 


Tliere was a mai'ked rehtsal to fi'etl af (irst, 

ProdvitHi liifoivU^ — 

3'0 grammes per 300 c,e. 

No. 7. — Minimum 5'30. Maximum l/7s. Averagj^ 

‘a.v<‘S not eaten at first. 
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Avridiu m aeruginosnm — 

3’0 gianinies per 300 c.c. 

No. Ar.ixlniuiii. Average. 

4 2 7 2 72 J 120 

4 2 '14 ] 2(4 

In all cases, this insect was erratic ; those that fed freely (ht'O 
(quickly. 

Oph iusa wdicede — 
rO gramme per 300 c.c. 

On growing ])lants in the open, uprated. 

Minimnm G/20. Alaximuni 1/252. Average 85. 

3*0 grammes per 300 c.c. in cage. 

Minimum 5/30. Maximum 1/08. Average 37. 

The leaves were very little eaten at first. 


Lead Arseniate may be, in a sense, taken as a standard, and tji(‘ 
ve]*v strongest used in practice is 1*0 grannue per 300 c.c. usuallv 
much less. But to get comparative effects we juust use our com- 
pounds strongej*. W'e would ])oijit out that on the analogy of tlii^ 
particularly, any of the compounds that give a figure Ijclow SO oi 
100, if they can be applied at that strength, are possible iasecticido 
for field use. 


White Aksenic. As^ O,. 

Sf/lcpta nt idtllincaJ 7s‘ — 

2*0 grammes per 300 c.c. 


No. 

Mniitnmi), 

M;i \imiini, 

2(1 

14 (t 

2 78 

2(t 

lo'(i 

.V i:} 

2n 

1(1 7 

2(i 

20 

i (i'(i 

2 :U 


(om[)a]‘ing this with Lead Arseniate, for tli(‘ same insect. 
one s(‘es how consistently this is more rapid in action. It is M 
course inadmissible as an insecticide owing to its burning action, 
but it is the nmlly effective poisojiing ingredient of all arsenicals. 
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Antimony Sulphide. SboS,. 

Camdrina exigua — 
r8 grammes per 300 c.e. 

No. 80. Minimum o/O. Maximum 3 (17. .Vvmmrr li::, 
Anosla flexippuii — 

1*8 grammes per 300 c.c. 

No. 23. Mmimuiii 5/7. Maxuiumi 2,54. AveraLH' ID. 
This is a very deadly tojupouiul ; the (‘.vperiiiieiit w it), riumlmm 
alone was done on lots varying from 4 to 20 and ^\as s.i (ousistmi 
that the figures are combined. It is inadmissible as a inactieal 
iirseeticide in India. 

lODOFOKM. € H 1;^. 

Sglepta derogata, Fabr. — 


To grammes per 300 I’.e. 


Xu. 

•Miiiitiiiiin. 

Mu-viinuiu, 


20 

!7 I) 

;5 \ :i 

7 , 

20 

17 7 

:i 1 1 

8 

2U 

14 7 

:! 14 

V 

20 

0 () 

111:; 

1" 1 

2a 

10 7 

1 l.’i 

N ! 

4*4 grammes per 300 c.c. 


Xu. 

Miiiijuijiu. 

mil. 


20 

1 a a 

1 .74 

1 I'? 

20 

14 0 

<i l:l 

S'l 

18 

1 1 0 

7 i:; 

ir:; 

0*5 gramme, per 300 c.( 



Xu. 

Miiiimuin. 



ii> 

17/0 

2 1;; 


20 

10 (i 

1 i:; 

I'j 1 

20 

J2fi 

2 (i2 


20 

18 7 

2 1 1 

S 1 

20 

.7 (i 

2 42 

MI'S 

0‘3 gramme per 300 c.( 



No. 

.7riiujjnii)i. 

.MuxitiHini. 

Avcimuc. 

20 

14 li 

2 (ii 

lli’,7 

20 

1 1 <; 

2 78 

20 '(i 

2:> 

i:. 7 

8 14 

0.7 


iu all these experiments, as in later ones, the eater])ill;us ware 
hept ill well-ventilated cages, as the fumes of Iodoform a Heeled 
tlieju very strongly. 
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( 'a niihl 1 1 a (\r a — 

0*3 granniK^ per 300 c.c. 

Xo. 20. Miniininii 4/7. Maxiinuin 3/109. Average 71. 
0*5 graiiinu‘ pt'r 300 e.c. 

No. 12. Minimum 2 13. Maximum 3/85. Average 51. 
4*4 gramim's {)ev 300 

N<t. Minim urn. Maxiinuni, Avt-Tairn. 

■>{) Hj; i-i: 12 

• 2 V I'ts I :iL> II < ' 

Piet' id - 

1*0 gramme per 300 e.c. 

No. S. Minimum 5 7- Maximum 3/19. Average 11*4. 
Cttsttiojdida .sab^il ~ 

4*4 grammes ])er 300 e.(‘. 

No. 10. Minimum 2/4. Maximum 2/25. Average 13‘t). 

iJmrisla ObliqiKt — 

0*3 gramme |)er 300 e.v. 



Miniitnuii. 

M:o\iiiiiii)i. 

Avoicojv. 




O; IS 

n 

1 

l(» 

.“i (i 

1 42 


H- 

1(1 


,') HI 

i:e 

1 

gramme |)er 3 

00 c.c. 



No. 

MitiittiuMi. 


Avrnm.L^.^. 


;5(» 


i .■) 42 

MO 

1 

le 

o 7 

Ml 

HI 

u 

1 1 

SCt 

1 :IS 

Id 

1 

HI 


l(i7 

7 



Opltittsa tyudteeefe — 

O' 5 gj'amim* juu' 300 e.c. 

No. 8. Miuimum 0/8. Maximum 1/20. Average 1 1- 
0*3 gramme per 300 e.c. 

No. 0. Maximum 0, 20. Average 2o. 

Acrid i>(tti aeriujifiositih-- 
1*0 gramme jjcr 300 e.c. 

No. Miniiiimu, Maxiimini. Avri'ji-v. 

;}/44 MJ2 ! i2i> 

:i 1/4S 1 00 ) 1.44 
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•JH'i 

0*5 gramme ])er 300 va 

No, MinitiMini. 

4 1 7 

?, 2 ()(i 

0*3 gramme per 300 v.v. 

No. 4. :\Iiuimum 1 14, Naxinmin ! ‘Jo. Awimuv i 
l^jxcepi i:or the last, tlu' axpeiiriKMirs show tho \ oyy hilling 

etiVct of tins compoini(! : tlie grassliop])ei' usni in the last woiihi 
not eat leaves tainted with it and rlie lesistant piuvias of a iaiov 
iZra-shopper. are ajifiareiitly greatfa- rhaii (hose of a (‘aiei-jiiliai ; i},,. 
ofasshopper simply refraiiKMl from food. 

Iodoform is of course useless as an iuse(niei(h‘ ; l)iit its aetimi 
very marked and is. we l)elieve. wortli following up with similai 
eonipoiiiids. lodofoi'iu is moderateiv volatile and its action in thr 
open is of intei‘est. 

14) gramme per 300 c.c. on ca.stoi’ j)lants in ila^ open. 

with Opiuusa niellfTiie — 

No. 10 -1/34, i 90. Ihos. J/1J4. I IS4. 

'File plant was much Imrnt hy tin* iodoform and the catiapdiars 
simply tried spot aiter spot, trying to tiiid a place fi'e<' of iodoform. 

AIkrcurkj Chloride. ldg(d:. 

-S/y/c pta dei'o(f(ita — 

0*5 gramuie per 300 c.e. 

No. 20, Alinimuiu3 0. ,MaxiiuunL 1/73. .V\ crag(' 3irr>. 

1‘0 gicUiiiiio per 300 c.c. 

Nu, .Miiiiittmii. M.vmiiiiii, Avr,;,^,.. 

2(1 Mi :.2-2 | 

2(1 7 s I (i’J L’fi's 

24 12 14 2(i2 :;c ' 

4*5 gramnu* per 300 c.c. 

.\<i. M;i\iiniini. A\rtj',;v. 

M 2/(i 2 lit‘' (U j 

l<) 2(i I 7:{ . .sc i 

2(1 .ss i;;s^ i.Vii 

Hie irregularitv in a(4iuii is v(n:y urirkcd hut it is dm* to the 
fu<‘t: that very early the caterpillars become affect('d hy a small 


4 Mill lijn. Av' rtML'i'. 

2 4s CU 

I tos 1 7ii 
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amount oi food and then lie inonl)uud for hours. Although in 
cuvsc the figures put this coniijouud low, it is a very certain poidn. 

Canuh'hta exigua — 

I’o grammes per 300 c.c. 

No. ‘20. Mininiiim 2/21. Maximum 18/30. Average :j,j. 


Cosmo])!} lla sahollleya — 

I’o gi:ammes per 300 c.c. 

No. 10. Minimum 3/7. Maximum 2/19. 

Dlacrtsla obllqua — 

O'o gramme pej* 300 c.c. 


N.i, 

Miiiiniiim. 

Maxiinuiii. 


Id 

r>! \ S 

1 4J 

->-,-1 

Id 

d IS 

2 7s 

;i2-4 

> gramme per 300 

C.C. 


x«.. 

.Miiiituutn. 

M;Lxinumi. 

Av<tM;iV 

:ld 

11 <; 

4 ;m) 

l:cs 

Id 

1/d 

i/:)4 

:id-d 

Id 

7 7 

1 :U 

1 l-s 


Average 2j’2. 


I 


1S%"> 


Acrid iimt ocr ugaimK //i— 

PO gramme })er 300 c.c. 

No. 3. Minimum 2/00. Maximum 1/84. Average 08. 
Me rcuric chlorklc is, as ^v()uld he (‘Xpected, a violent poison; 
it is soluble, totally unsuitable as an insecticide and merely illustrat(‘> 
the fact that an irritant poison adects insects as other organisms. 
Mkrcuiuc Iodide. HgM.. 

Sjjlepta derogata— 

I'o graiiiiiies per 300 c.c. 


No. 

Miiiiiiiuin. 

.Maxiiiuiii), 


17 

d d 

2 7S 

2d 

2d 

i:i 

2 27 

Id 

2t.l 

d 7 

2 a7 

1.'/:} 

2d 

2(> S 


s 

2d 12 7 

\driiia cxigmi — 

s 14 

Id 

Xo. 

Mijiiniuin. 

Ma.xidiuiii. 

Avera,!!*.' 

22 

lo 14 12 

l,:id 

Ida 

2d 

2d 12 


12 



14 
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Cosm.o])hila sab ulifori — 

No. 10. Minimum 2/4. Maximum Avai :,..-.' -Ji :, 

This body is ovidoiitlv a first-class poison, possibli- rnml,,,,,,,. 
tli.' action of the mercury and the iodine as it is peivcptlhlv piiirloa 
ill action. It is to be classed with the arseiiicals hut is imi ns, ‘lid 
iti practico. 

Copper Cyanide. Ou(C. X.).. 

Si/lepfa doroqata^ 

0'95 gi'aiuino ])or 300 (‘.e. 

No. 20. Minimum l]/(). .Maxiiniiiu I 37. .Avciaire Hr:!, 
r9 grammes per 300 c.(\ 


N<.. 

Mininnttti. .Miixinuiiii, 


in 

♦> (' 2 :I7 

Ills 

2(1 

14 (i ;{ 2.7 

Id 

2(1 

ST 2 2s 

12-.-. 

111 

I2 (i 7 l;; 

^ II 

S-(l I 

2(1 

2(1 S 

2.'> 

22 () :{/ 1 ,s 

7-2 

2(1 

Hi (t 2 2(1 

im 1 

12 

2 4 2 2(i 

1 (i’C. 

Caradrina exirptn — 


1*9 grammes per 300 c.r. 


Xo. 

.Mihitninn. .\l;i\inuun, 

Avira 2 <‘, 

ir 

1 12 4 (il 

41'2 

17 

2 12 S (III 

41- 


Cosmopli i h sah nil fera — 

1*9 grammes per 300 

Xo. 10. Mimmmn3/13. Maximum 3 30. Avnaue 25*r>. 


D iacr is ia obi iq ua — 

0*95 gramme per 300 c.c. 


Xo. 

Minimum. .Maxinnuu, 

Avcruoe, 

2(1 

,) (i 4 2< 1 


2(1 

2 7 2 711 


1*9 grammes per 300 c.c. 


Xo. 

Minimum, .7l!i\-innitn. 

Av.-lM-r, 

2.7 

22 22 2:li) 

22 j 

22 

2 •; 2j 7S 

4S 17- 

lu 

M () 2 2(1 

]()-S-' 
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Maram ia trapezaJ is — 

O'Or) ornmine pov 300 c.c. 


N;n. 

Mitiitniini, 

M.1 xitnn til. 

Avorn<i<‘. 

21 

n 44 

2'S(i 

3.V3( 

h) 

1131 

A S.'i 

47'8t 


I'O graininos per 300 c.e. 

No. 19. AFioiiniiiu 3 0. Maximum 4/02. Average 3;}, 

A rrid i imt o ei'f«fiti os / f ni — 

O'Oo gramuu' ])ei“ 300 e.c. 

\ii, Miniiiiutii. M;i xlitniiM, \ vor!i<-'<'. 

t :>! -iso 

I :;<i I T:' I i0(i 

A.s in ot her ('ases. the grassliopper simply declines food and 
waits : hut the effect of tins compound is fairly well marked. 

Topper cyanide is clearly a \dolent |)oison. and is extreuudv 
interesting as l)(nng an insoluble cyanide, whose effeid one migln 
expecd to he v(mt good. The (wnin ides are, unfortunately, inadniis- 
sihl(' in practice. 

Nafthalin. 

Ther(‘ ai'c two series of experiments here ; in the hrst. the 
naptlialin was not properly emulsified but was finely divided m 
water and its distribution on tlie leaf uneven : in the second an 
enudsion was formed but as this contains kerosiue. size and suit 
soap. th<^ residts aie not wholK altribiUable to napthalin. in both 
^eiies the figures aie not individually reliable. 

I^iflepi a de romtu — 

0‘o gramme per 300 c.c. 


Xu. 

Miiunmm. 

.Maximuni. 

Averagi 

2ii 

Hi 6 

4 12 

7 ■2.') 

2ti 


144 

55 


17 :{)'7 ir)S 63 

TO gramme per 300 c.c. 

.M.ixijiuiin. 

3/12 


Xn. 

Ml 


U ii)ini iini, 
16 1 ) 


Avui'ugi'. 

7M,f 
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•2'0 grammes per ^00 c. c. 


X,i. Minimum. 

.MK.xilllUtll. AviMMgi , 


2( .) -21! 7 

7 


20 20 7 

7 


20 10(1 

4 1.^ s'l 


In tlic last series especial iv the naptlialin stpi: 

iraia'''^ (1111 (in flu 


{p-ivos ill crystals and tlie eatorpillars (‘at ila'sr ;mh! die xcia' siwai. 
Till’ figures are probably valueless, 

2^0 grammes in 300 c.c. 

,\! ini in II 1)1. \|.i \iiiMnii, \\'iri'ji 

■H) L^a'l:! iL' 

Ml 1 (i L’ :[ri hi .-' 

T<m lived over and pupared. at iiUvrvals of 7 !o II (lays and 
we re apiiarently u na dec ted . 

•2'0 grammes witli 4-'0 granunes lac. 

No. 18. Minimum IT/O. MaMiiumi 112, .\\an'agv u. 

Two pupated two days after. 

Xo. .Minitiiinii. M^ixiimnii. Anmn-i-. 

2(1 2(t(i .. 

12 VH 1 

[flight pupated in 0 to 12 days. 

The above series, done with one sjxeaes. show how vanahln tlic 
apparent action i.s. due to errors nl (‘Xjiei'iineut punds. Winn 

naptlialin in solid form was applied to tlie had tli(‘\ dhal ()ui(kl\. 

or they survived indefinitely, owing to ilnMr no !oug(n' absorlang 
any iiapthalin. It is useless to give details of tin' loiiV «aies cf 
(‘xperiiiicuts made with all tlu' specie's: the hdiowmg are (>xlra('f.M 

at random :~ 

Oph iusa mA werte — 

1*0 gramme per 300 (\c. 

No. 6. Miniimiiu 2'4S. Ma.ximuiu I KiS. 77’0. 

Caradrina e.rigya — 

Napthiilin 2'0 grammes. Ur no grammes per e.e. 
No. 17. .Miminum;| .54. .Ma.amum ! UO. .\verage '.is. 
Napthaiiu 2’0 gramme.s in 300 e.e. spirit. 

No. 16. Minimum 12/78. Ma.vj mum 4/100. .\vcragei)4. 
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Pierid rater pillar— 

No. 20. AJinimuin 1/15. Alaxiinum l/lll. Avoruov i;;] 
A rr i dill w a erurj i nos urn — 

Vn. .Miiiiiiiimi. Mn vimiiiii. Avcragi', 

I KiS i in 12 .lays 1 iti 10 days. 

4 2sn i !2 „ ! ., 10 

A SO lies was clone tlion witli naptbalin emulsion on Diaf’risiu 
ohlifpia — 


Vu. 

.Miiiliniiin. 

.M:i \iinmn. 

Avf'M'.: 

S 

S Ti 



:« 

12 14 

as 

2e 

r, 

i:. H 


li 

■> 

I.V4 


1 


1 I :> .-) . . 

ill this (‘aso the iiapthalin was thoToiighly emiilsifiecl, the oiiml- 
sion thoroughly mixed and the distribution on tlie leaf even. Tliy 
killing effect may not be due wholly to naptha lin. {See Appendix IIL] 

We lie re leave naptha lin with the opinion that it is a first class 
insecticide, but as practical experience showed, too volatile to ho 
of use except in special cases. (See Appendix III.) 

Barium Chromate — 

See remarks above on p. 28(5. 

Lead Chromate — 

See summary above on p. 280. 

Calcium Cyan amide. Ca CNo. 

Sjjlepta derogata — 

2‘7 grammes per 300 c.c. 


N.i. 

Miuiituun. 

■Maxiimim. 

A vwa 

2<i 

2/(5 

t:} .74 

4! '47 

21) 

2, (5 

4 ;iT 

29*7 

2f) 

:{ (5 

12 :{7 

2(5':; -24 

20 

M) 7 

2 :;s 

lO'sl 

JO 

S () 

2 2.’) 

!l-4j 


Caradrina exigua — 

No. 13. Minimum 1/12. Maximum 0/60. Average 4G. 
Marasmia trapezal is - — 

No. 20. Minimum 1/6. Maximum 2/128. Average 72*G. 
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Ophiusa nielicerte — 

No. 20. Minimuin 2/8, rest pupated in from 5 to U days. 
Diacrisia obU(iua— 


No. 

.Miiiiimim. 

.M a. V limit)). 

Avci'a.L^‘ 

22 

40 

1/1 2S 

4.V 

20 

2 0 

];}r.4 

4r-i 

20 

2 0 

4 07 

20 • 7 

20 

;io 

12 27 

2<V.'l 

20 

10 7 

2 :ls 

IDS 

10 

SO 

2 21 

li'4 

20 

1 0 

2 12S 

72Ti 


A cridium aeru/jinosum-- 
No. 4. Mmimuin 3/30. Maximum 1/500. 

The above were all experiments in the open ; experiments wcne 
made on live plants in cages. 

Ophiusa melkerte— 

2’ 7 grammes in 300 e.c. 

Two died in 6 hours, G lived and pupated aftei' 5 to 13 days. 

Diacrisia ohliqua— 

1 lb. to 12 gallons. (2.\ lbs. used as the cyanaimde is 40 per 
cent. pure). Thirty caterpillars, no results, the leaves not eaten and 
all turned brown. Done on castor and groundnut. 

This compound seems to be effective if evenly applied, but un- 
do\ibtedly burns foliage excessively. Its uneven] action is piobably 
(^x[)lamed by the compound, though finely ground, not being evenly 
distrilmted, the particles of the actual cyanamidi^ not being propenly 
(lidused through the mass or in the water. 

Copper borate. Cn B^Or. 

Caradrina exigua — 

*6 gramme per 300 e.c. 

No. 50. Minimum 3/21. Maximum 2/84. Average 50. 

1'5 grammes per 300 c.c. 

Xo. Minimum. itaximum, Aveiaw. 

41 4/1.1 4S1 

12 1/7 

3‘7 grammes per 300 c.c. 

No. 73. xMiiiimum 3/8. Jlaximmn 4/00. Average 40. 

3 
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Anosia plexif'pus — 

0-6 gramme per 300 c.c. 

No. 7. 2/15. Maximum 2/66. Average 42 . 

1*5 grammes per 300 c.c. 

No. 13. Minimum 3/20. Maximum 1/78. iVverage 44 , 
3*7 grammes per 300 c.c. 

No. 70. i\Iinimum 6/6. Maximum 4/63. Average 40. 
Prod en ia I ittoraUs — 

0*6 gramme per 300 c.c. 

No. 10. Mmimum 2/18. Maximum 2/90. Average 02. 
I'o grammes per 300 c.c. 

No. 12. Minimum 1/6. Maximum 3/54. Average 30. 
Opliiusa weHeerte — 

Half an ounce per gallon sprayeO on castor plants— In 
larvae — 2 died in 29 hours, 2 in 120, I’cst pupated. 

Prior to the testing of dry paints, we regarded this as a veiv 
likely compound and we commend it to the notice of those who wm 
an insoluble copper compound which is not really poisonous and is a 
good deterrent. A method of preparing it is given in Appendix TV: 
we believe that further work with thivS (“ompound would prove it to 
be a very useful mild insecticide or deterrent. 

Copper selpuide. Cu S. 

Caradrina exigua : — 

0*5 gramme per 300 c.c. 


Xo. Miriinuitii. Ma\iiniini. Av(-rrMff-. 

1:? 1,42 T/TS " 

:V30 1/78 ■,0 

1*5 grammes per 300 c.c. 

Xi>. Mininnuti. AvtTafre. 

12 l/(i 5 78 58 

20 l/(; 10 54 42 

■V 12 :tfi2 :i5'8 

‘>0 (>/27 4/01) 48 
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4*5 grammes per 300 c.c. 


Xu. 

Miniininn, 

Maximiiiii. 


18 

0 9 

4 :> 4 

2(i 

10 

•‘1 0 

0 :k) 


20 

2 IS 

0 ,*)() 

41 


Prodenia littomlis — 

0'5 gramme per 300 e.c. 

No. 20. -Minimum 4/24. Ma.xiimim 1/60. .Vv.-va//,. :!6-7. 
1'6 grammes per 300 c.e. 

Xu. -Minimum. AwriLO' 

1/in \:,2 

r, 

4*5 grammes per 300 c.e. 

No. 20. Minimum 2/0. Maximum 1/78. Average 30. 
Pier id — 

0*5 gramme per 300 e.c. 

No. 14. Minimum 1 / 44. Maxi mum 1 / 1 50. Ave rage 0 1 . 
To grammes per 300 c.c. 

No. 13. i\[iiiimum 1/20. ^laximum l/loO. Averagi* 70. 
4*5 grammes per 300 c.e. 


S*o. 

Miniinmu. 

Maxinuinn 


10 

1 0,22 

2 'AS 

2S 

20 

12 11 

1/0,4 

27-4 


Anosia ^plexiq^pus — 

1*6 grammes per 300 c.c. 

No. 6. ATinimum 2/18. Alaximum 1/7S. Average 49. 
4*5 grammes per 300 c.c. 

No. 4. Minimum 2/12. Maximum *2/30. Average 24. 

Oph iusa melicerle — 

In the open on castor, at I oz. per gallon, of (i none died, of 10 
2 died in 4 days, the rest survived and pupated. 

In the open on castor, 1 oz. per gallon, of 10 none died, the 
leaves were eaten, they all pupated, 

Copper sulphide is apparently of little value in small doses, a 
sticugtli of somewhere near 1 lb. to 10 gallons very well applied beiiig 
reijuired to have any effect. It is a deteri’cnt but as an insecticide, 
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good Bordeaux mixture would probably be far more effective anrl 
lasting. Its use as a powder deterrent is indicated. 

Borax. Na^, B, 0^ 10 IL, 0. 

Caradrina exujua— 

I’O gramme per 300 e.e. No effect. 

3‘1 grammes per 300 c.e. 


x<.. 

Minlnuini. 

Maxirnuui. 

Av(‘r<4,20. 

l.S 

2 12 

1/111 

41 

111 


1, lOS 

as 

17 


4/12(4 

4.7 

l(i 

(i/(> 

2/l:5(i 

r>7 


Froden ia I itioral is — 

3*1 grammes. 

No. 9. Minimum 2/19. Maximum 1/79. Average 36. 

A Hosi a j)leTi])])Us — 

3*1 grammes. 

They died after 2 days or more, leaving the food praelicallv 
untouched ; 3 trials were made with 29 larvie, but the results 
were the same in eacli. 

Nil. Minimum. .Maxinuini. Aviu'ii^u, 

i I 1/3(1 r 72 42 

S 2/43 2/(i:; 32 

10 1/24 1/72 

Sprayed on to castor plants, at oz. per gallon, it had little 
effect — 2 died in 24 hours, 1 in 120 hours, 17 pupated ; at 1 oz. tla^ 
figures were C/72, 4/90, 1/96, 1/120 1/132, 2/1 56, 2/200 : 3 pupated. 

Borax is of interest as l)eing one of tlie very fev; compounds 
used as an insecticide for Blattids, which is neither an arsenical 
nor an alkaloid ; a one per cent, solution is a fairly effective stomach 
poison and a good deterrent, but the Sodium salt cannot of course Ik’ 
used in general practice ; and the insoluble borates have less action 
than this one, with the exception of the coppm* salt above mentioned. 

Boracic Acid. B(0H):, 

Prodenia iUtomlis — 

2T grammes per 300 c.c. 

No. 8. Minimum 6/30. Maximum 1/54. Average 35. 
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Caradrim exigua— 

2-1 grammes per 300 c.c. 

Miniiiiuin, Ma\inhiiit. , 

17 1 !A :)!>!* :,ii 

I U A 7.7 .'■it) 

A)io-na plexippus— 

2‘! grammes per 300 c.c. 

They totally declined food and died of starvation in 
from one to three days. 

Boracic acid at this strength is clearly a (Kaerrent and a poison 
of the second class. It cannot of course ])e used pi'activally. Its 
poisoning action like that of borax may l)e due to tlu' fad dial iiisods 
feeding normally on leaves of wliatcver kind ne\’er meet witli it and 
;so arc totally unused to it. 


Lead oxide. (Bed lead). d,. 

Caradrina exigaa — 

3*7 grammes per 300 c.c. 

No, 50. Minimum -1,7. i\laxinuiiii O/Oi}, A\ (M-agn 1 1 . 

Pmlenia lilloralis— 

3 ’7 grammes per 300 c.c. 

No. 0. Minimum. 1/10. Maximum 1 d). A\eragi^ hl. 
Atmia plcj ippf(s- - 

No. 13. Jlmiiuu 111 3/24. .Maxiiiuuii 1/47. Avria/.- 
Tlicse ligurivs arc curiously unifonn and clcaiiy pul Had lead 
m class 2, as a valuable iiLseetieide ; it is good Iiir its oilier iiualiUes 
as well, such as cheapness, availabilit}’, insolubililv and llu liki . 

Lead s l le hide . Bb S . 

Pmkn i a I lltvra I i — 

grammes per 300 c.c. 

Xo. Mmiiniim. .MiLvimiiiu. Avcni^f. 

iCiU 


Anosia plexippus — 

No. 10. ‘ Minimum ■2/Ui. Maximuni 1/72. 


Average 37*8. 
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Caradrina exigua- 


\o. 

Miiiinuiiii. 

.Miiximuin. 


13 

1 30 

1 150 

77' .5 

ir, 

4 30 

1 54 

40' 

11 

10 

3 00 

52' 4 

1{! 

0 {) 

1 21 

iO'2 

1) 

4 20 

2 48 

30' 2 


This coiupouncl apjicai's to bo similar* in its oiloctB to jjead 
oxide (Ked load). As the sulphide would have to be used in ii> 
precipitated forru. the oxide would probably be cheaper and mon- 
convenient. 


Lead bokate. Pb 0^. 

Ca radrina cx igiia— 

I’O gramme per 300 c.c. 

N(», .Miiiiitiuni. Muxiniinn. Axtiml'c. 

-1 1/7S l/fU S4-r> 

1;^ t/42 I /'Mi 7{i 

It might have been expected that this (!ompound would have 
proved at least as efficient as Lead oxide, if only because Boiic 
acid gave such decidedly favourable results. The above figures 
for Lead borate are distinctly worse than those foi‘ cither Bone 
Acid or for Lead oxide. 

Lead carbonate. Pb Co.. 

Caradi'bia exigiia — 

4*38 grammes per 300 c.c. 

No. 12. Minimum 1/36. Maximum 1/126. Average’s. 

Sec also White Lead page 28o. 


Barium peroxide. 

Caradrina exigva- 

2*8 grammes per 300 (cc. 

No effect. Tlie hrviv (18) lived up to a week and tlieu 
pupated. 


Barium carbonate— 
Caradrina exigiia — 
No effecL 
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The results contrast rather stiongly wifli thcs,. ol.tninr.l from 
nariuiii oxalate and Barium Ijoratc, rid,' holow, 'Fh,. 
rompounds, while variable in their effects, pivc inilirati,ms nf a 
euDsiderably higher killing power. It is proliable ihai il„. tain'r 
is rather a measure, of the respective powers of lioric aii.l Oxalir 
acids than of that of Barium. 

Barium oxalate. 

Canidfina exigua— 

4‘1 grammes per 300 c.c. 

In the first trial with 4 eaterpillars, the hdlowiim' ivsult.s 
were obtained 

t died in li Ilnurs, j 

1 ,, ,, I'i i a wra^'i' killin',: (d. 

I ,s „ 72 / 

hut in a subsecpient tiial with 12 c-atorpillars onlv 2 dii'd in 3 
(lavs and the rest pupated. 

It would appear therefore that the efiect of Bai'iuiiL oxiitatr. 
while distinctly good in some cases, is not suflicieiilly (ousiinit In Im‘ 
depended on even at the great strength of 1 Ih. in 7 gallons. 

Barium uorate. B, B^ t);. 

hd At a strengih of O'O gramme per 30{i c.c. and 1 11 1 . in .70 
gidlons, this compound was witliout etl'ect. 

[b) At a strength of about 1 lb. in 10 gallons one ('Xjx'rinu'iit 
gave an average killing peiiod of 35 hours and a secojid one nl .70 
tours. .In a third experiment however, out of 15 catfa-pillars. 
only one had died in 36 lioiii's when the experiment was stopjicd. 

These results vary amongst themselves to such an eexteut as to 
render further trials advisable : but judging from tin.' hgui'(‘s for otlicr 
eompounds of Barium, it is not probable that Barium borate would, 
at reasonable strength, prove to have a potverfiil insecticidal eil'eci. 

Zinc oxide. Zn 0. 

Caradrina exlgtia — 

1‘3 grammes per 300 c.c. 
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The mean of six experiments at the above strength with \\m 
compound gave an average killing power of 52 with extremes of 
84 and 27. 

While the extreme figures would place Zinc oxide low in tlK- 
scale of possible insecticides, the low figures, of which there were two 
below 40, make it, on account of its cheapness, well worth fuj-tlu.*r 
investigation. 

Zim sulfkide. I'S grms. per 300 c.c. Zn8. — 

At the above strength Zinc sulphide was quite incfiective with 
(a) larvaj of C. exigucL (h) Pierid caterpillar on Bagnai. 

Oxide OF IRON. (1 lb. in IC gallons). 

Diacrisia ohliqm — 

The following are the results with this compound : — 

20. 1/96 4/120 2/144*13 pupated. Average 1*123. 

All the food given to the caterpillars was eaten, and Oxide of 
iron is obviously quite hannlcss. 

Burnt sienna — 

See results on p. 285. 

Burnt umber— 

See results on p. 285, 

Prussian blue— 

See results on p. 285. 

Yellow ochre— 

See results on p. 285. 

Ultramarine blue— 

See results on p. 285. 

Lemon chrome— 

See results on p. 285. 

Chrome alum — 5*5 grammes in 300 c.c. 

(a) Pierid caterpillar on Copparls. 

(h) Larva) of Carndnua exigua. 

This compound proved to be harmless as no deaths took place 
within 0 days. 
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;5ort 

Alum— 5-0 grammes in :^00 c.c. 

Pierid caterpillar on Coiyparis. 

At the above strength, the killing power of this eonrpoun.l w,,. 
only 115. It is therefore useless. 

Magnesium oxide— 

Had no effect at all. 

.Magnesium carbonate — 

No effect. 

Magnesium sulphate. 4*1 grammes in 300 c.n. 

Caradrinu exigua — 

This compound appears to have a mueh more powerful (OTeet 
than either the Oxide or the Carbonate, for out of i>0 rateipillaiA 
11 (lied ill an average of 45 hours, hveii on this result howrvtu' 
Magnesium sulphate would only eome iuti> elass IN. Its 
solubility, of course, would preveut its being used in piaeliir ; but 
it might be worth ivhile trying the elleet of a Magnesium boiaio nr 
of Magnesium oxalate. 

(b) Sylepla. No effect. 

Stannous chloride. 3*1 grammes per 3uo e.e. 

Camdr i ) ta ex Ig m — 

llirec died in 3(i hours, two in 00, the rest {\' 2 ) wei-e imanVrffMl. 

Sijleplu derogata — 

No effect. 

Sodium carbonate. 4*4 grammes p(‘r 30U c.e. 

Camlrina exigua — 

The average killing pow(U', in one experiment, ui lliis r(au[K)imd 
\vas, 51 ; probably due to its caustic properties. The latter lunsever 
well as its solubility prevent its being conskleied as a piactical 
uis(‘cticide, even if its killing power was sufficiently great. 

Potassium chloride. K Cl. 2*5 grammes per 300 c.c, 

(») Caradrina exigua— 
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With tliis compouiifh in one experiment — 

Critcrinlliirs dit'd in 21- hours, 

4 more ,, 

1 , >4 

[ts average killing power was therefore 37 ; a fairly good rosiilt : 
but the compound is not. on account of its solubility, a possililo 
insecticide. 

Sjjlf/jita (lerogala— 

Noelfeet. 

Copper tannai^e— 

2 ^o'aiiiiuC’s of ('ll S (A, d H 2 O iii dOI- u.c, 

4 ,, 'raiinic Acid ,, ,, ,, 

Prodenta llttoralis — 

No. 20. Minimum 1/48. Maximum 5/144. Average 1 12. 
It is interesting to compare this with Lead Taiinate, which i> 
distinctly class IV. One would not perhaps expect Taimates ov 
Tanni(’ Acid at all to affect insects and the action may^ be due solelv 
to the metallic salt. 

Lead i’axxate. 7 grammes in 300 c.('. 

4 (^I'amnu's l.cad Acetate, 

:{ 'I Annie Acid, 

Prodenhi littoralis — 

This compound was found to be incapable of killing iiioie 
than 8 out of 20 caterpillars in 5 days. It is therefore much less 
powerful than Copper Tannate. The figures were — 

20 larva?. 

2 died in 90 hours. 

1 ,, ,, 100 

1 ,, „ 108 

1 

3 ,, , 144 ,, 

0 pupated, 

2 more pupated. 

4 failed to pupate. 

0 moths emerged. 

2 „ failed to emerge. 
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xMaNGANESE DIOXIBK. Mn 0,,. 

No result. 

Iron sulphide. Vv S. 

No result. 

pHENVL HYDRAZINE HYDROCJHJMU 1 ) E. US uraniitu s iti :{(MI i .r. 

Caraif ina (jxkjua- - 

No. 20. 2/30. f)/60. ['2 uiiailcctr'd. 

Sijlefta derogata — 

No. 20. iMiuimuni po. .Maxinmm 7/ is. Avrraat^ iIT-;;. 
Dtacrisia obitqu.a — 

No. 10. Miiiiiuiuii 2,87). Ma.ximiini I 2 \{K A\(‘i'a>:f' I lo. 

Acetamide. 2‘0 gi'aiiu)i(\^ in 300 vx. 

Caradr h i a mg ua — 

20. Aliniiiuiiii 1/30. Alaxinunii O/OO. Avcaa^r r).*,. 
10 caterpillars left in i killed. 

.MeTAPHENYLENE JHAMINE Ji YDJC a 'H Ln lU D K. 2’1 gl anlllM^^ in 

300 c.c. 

Caradr Ina exigva — 

No. 20. 3/30, 2/ol, 2/(J0. 11 imani'cted. 

This eonipoimd had no edect on thr Cotton Cal-i'ollar. 
Potassium ferrocyanide. 2*0 grai nines in 300 (-.c. 

Sglepta d erogaia- 
No cdect. 

CVif rad rh la exig a a — 

No. 20. 1/24, 3/30, 0/00, U left. 

It appears from this and from results olUained lor oIIkm- coin- 
|K)iinds that C. c.rigm is iniudi nioi’c easily atle(-t<‘d, than tlie t (Uton 
Icci f-ioller. 

POTASSIUAl FERRTCYANIDE. 1*8 giaJlUlK'S in 300 c.e. 

Syhpta derogata — 

No effect. 
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Caradrina exigim — 

No. 20. 2/36, 5/60, 12 left. 

This result corresponds very closely with that for Potas.siuni 
ferrocyanide. Neither is sufficiently good to render it aii effieieut 
insecticide, even if its solubility were not a bar to its use. 

Picric acid. 2‘5 grainmes in 300 c.c. 

Syle^M derogala— 

No effect, 

Caradina ex hjiia — 

No. 20. 1/24, 3/36, 5/60, 10 left. 

Potassium bichromate. 1*6 graiiunes in 300 c.c. 

Siilepla deroijata — 

No ell'cct. 

Caradxi m cxlgiia — 

No. 20. 3/36, 5/60, 2 parasitised, 10 left. 

Morpliine, O' 3 graninies in 300 c.c. 

At the above strength, no appreciable effect was produced iji 
Sjjlcpta derogata. 

Ammonium pkrsulrhate. PO graimnes in 300 c.c. 

Sylepla derogata — 

With very large specimens in one experiment no elfect ^v.i.s 
produced. In a second trial with smaller caterpillars the following; 
results were obtained : — 

20—1/6, 6/30, 5/60, 1/72, 2/84-50. 

Ca radr Ina ex Ig a a — 

1st trial 20— 13/12, 2/22, 1/24, 2/36, 1/52, 1/96-22. 

2nd trial 20— 1/6, 2/30, 7,54, 9 left. 

Judging by its etfect both on Sylepla and CaradruuL Aminojiiuiii 
persulphate is a fairly powerful insecticide and it would appeal' llun 
the effect of insoluble compounds of this acid might be worth 
investigating. 

Sod I it m be) i zoate, 4 ■ 8 gr a mines in 300 c.c. 

No appreciable effect on either the Pierid caterpillar or on 
(Jaradrim exigm. 
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;U:; 

Caffein. 0*3 gramme in 300 c.c. 

€affein was found to bo quite ineffective^ wiili S^jlepfn. 
t Sodhm tartrate. 3 ’ 8 gra inn los i u 300 e . e . 

No action on Pierid caterpillar or on C. mjiKK 

Tartaric acid. 2-5 grammes in 300 c.e*. 

No action on C, exigua. 

Sulphur. 0'5 gramme in 300 r.c. 

No action on Pierid caterpillar oi' on 0. e.rtgua. 

Quinine. 5 grammes in 300 c.(‘. 

No appreciable action on the Pierid ('iUnipillar oi’ on 

Caradrina exigua. 

Carbolic acid. 3’0 grammes in 300 c.c. 

Had no effect on Pierid caterpillar oi* on V. CMgaa. 

Sodium succinate. 2*8 grammes in 300 c.c. 

No appreciable effect on Pierkl caterpillar. 

Tannic acid, 3*0 grammes in 300 ('.c. 

No effect on Pierid caterpillar. 

Gallic acid. 

No effect. 

Lac. 4*0 grammes in 300 c.c, 

Sijkpta derogata — 

20—5/7, 4/38, 8/14. 1/24, 2/20 = 18‘75. 

Dtacrma obllqua — 

10-2/78, 2/126, 2/174, 1/108 = 136. 

Lac thus proved to liave a powerful Idlling eOiat on Sfjdjtia 
Imjala wliicli is particularly resistant to many other inordinate 
poisons. 

Ill the case of. Biacrkla ohliqua, its actual killing po\s( i is \ < J} 
low according to the figures ; but foi* 3 whole days, the catcipi ars 
lefnsed to eat the iac- treated leaves; lac, in this case, appeals to 
kave acted as a very effective preventive. 
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On tlio whole it would appear that lac has sufficient possibilities 
as a preventive to justify further trials. 

CiTLOiiAL iiYDUATE. 2'75 granuues in 3Q0 c.c. 

Sylepa deroriata — 

Ih’aetically no Blfect. 

Caradri }ia exlgm — 

(1) 20—11/13, 1/23, 1/24. 2/30, 2/00, 2/70, 1/147 =31. 

(2) — 20. None died in 48 hours. 

The above results do not indicate that this substauce has an? 
probable value. 

Strvc'HXIXK, 0'3 grainine in 300 c.c. 

Carad/rina exujiia — 

14—4/18, 3/30, 2/54, 5/78 = 46. 

Pierld caterpillar — 

(1) 20—1/6, 11/15, 1/24, 7/31 =21. 

(2) 19—2/5, 4/8, 9/38, 3/50, 1/50 = 31. 

Sylepta derogata — ■ 

10—3/12, 1/24, 3/36 = 16-8. 

In this case 20 caterpillars were put into the cage but the ex- 
periment was stopped after 48 hours. 

The general effect of the small amount of Strychnine used, 1 11). 
in 100 gallons, shows that its effect is a po'verful one. In the case 
of the Picrid caterpillars the whole number put in were morihiarl 
in 8 hours. The price of pure Strytdinine would be prohibitive : 
but it is possible that a crude preparation might be sufficiently 
cheap to allow of its being used economically. 

Brucine. 0*3 gramme in 300 c.c. 

Sylepta derogata — 

(1) 14—2/24, 4/60, 3/72, 5/84 3^66. 

(2) 20. None died in 48 hours although leaves were eaten. 
Brucine is therefore far less powerful in its action than Strychnine. 
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Saccharin. 2*0 grammes in 300 c.e. 

Sylepta derogafa— 

17 — 2 / 12 , 1/56=58-7 

6/14, 2/38, 2/86, 1/132 = 1/180. 

It is obvious from the above figaros that Sa(H'liariii does iu>t 
otfer any possibilities of useful a|)i)licati()ii. 

Potassium iodide. 5 -5 gmmnu's in 300 c.c. 

(rt) Cotton Leaf-yoUer — 

No effect. 

(h) Cayadrina exigtia — 

.26^‘2/24, 3/36, 3/60. 13 loft. 

(<?) Sglepta deyogata-' 

No effect. 

Potassium lodule has therefou^ no maiLed af fioin 



PART ITT. 

The scries of experiments above described arc all on captive 
insects fed on pic Iced food, not on the growing plant or free lo 
wander. What actnall}^ liappens in field spraying ? Do the. cater- 
pillars feed and die, do they feed, get ill and wander away or wliat 
happens ? From observation of sprayed crops, we believe \\m 
t)ot]i the above occur, but that with some poisons death occurs fail I v 
soon as tlie insects do not perceive the poison, in others the poison 
is either tasted or makes them unwell and they then wander, seek- 
ing unsprayed food and are gradually poisoned, are starved or are 
destroyed l)y bii.’ds since they wander off the plants. This can be 
well illustrated by feeding caterpillars on plants growing in tlie open 
under cages. In one instance, Diamsia were feeding on the wild 
nettle ; a clump was sprayed with Lead Lhromate in water and a 
cage put ov('r, large larvae of Dlacrhia wei’e tlien put in ; they fed 
a little here and there but not normally ; they wandered a])Out tlie 
cage ; they I’cinained alive for several days and actually managed to 
eat into the succident stems and feed on the unsprayed tissue ; 
they became Ijoring larvae to some extent, a habit they never sliow 
normally and but for being incommoded by their dense coveiing of 
hairs they would possibly have gone completely inside. This illus- 
trates very well the deterrent action of Lead Chromate and tliis 
a(!tion is not confined to this compound. The action of Naphtludin 
is discussed below in Appendix 111. 

It would appear that one can think of stomach poisons in two 
wavs ; there are those which are unpei'ceived poisons, tlie insect 
absorbing a lethal dose before the effects manifest themselves 
(either on account of the virulence of tlie poison or of its not produ- 
cing irritant symptoms) ; there are tliose which are less poisonous 
but which either produce irritant symptoms or are percei^'e(h 
rendering the food -plant distasteful. Which action an individual 
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.o.ipomul has, dopomls to some oxtont on tiio ..novnill,, 
if one tests compounds on one caterpillar thromdioui on 
v.c V marked dift'erencos in tlie way the poisoned food'is nd' ' TT 
otlier hand different kinds of caterpillars shew marked d'lftmvnc' 
in icsistaiit power to the same poiBOii. ' 

Speaking generally the most marked - deterrent - aetio,, w , 
fliar of Lead Chromate; perltaps the least was tlie Lead itsrniit' 
a.self but all in <dass f come, under the eatego, v of poisons and no,' of 
deferrents. The classes into which we divule onr eon,|,o,mds are 
therefore not based wholly upon actual poisoning effects; a maiicl 
deterrent action slows the action of the poison very much, giving h' 1 
higher lethal figure: in practice therefore we have t.i sWe.^t bon'i 
clfisses T II togetlior. 

The practical outcome of all tJiese expemueius has boon th. 
soiectioii of Lead Cliromatc as a standard stomach poison to replace 
arsenical poisons; and the selection of certain a.vaila})le dry paints 
whu'h aie Tecommended for application as df^terianits on young cro[)s 
An article describing the use of Lead Chromate as an insecticide was 
published in tire Agricultural Journal of India (V'ol. \b p. i;^8). 
An extract from this is appended (Appendix II). Its use has also 
l)een descrilied in Bulletin No. 23, Agric. Res. Inst.. Riisa. on 
insecticides. It is available as a powder, pure oi' at strengths of 
33^, or 50%, and as a paste containing 00% of Lead (’hroniate. 
It may also be prepared from Potassium Hicliromate and \ a \ u \ 
Xitrate or Lead Acetate, 

The further outcome has been the use of ” diy paints ” as d(*- 
torrents particularly on young crops ; the following an' availaide in 
india at the appi'oximate indicated prices : 


CiM'l Chnimfity 
Cciul Oxide 
l''‘■ld Carbon;U(‘ 
I’Lii ( Kide>f 


bon .\laiigano.so 
and Cobalt 
^'■Ij'bide. 


Lemon Clintnn' 


As. 0 tu 12 as, ] 

lied Lead . . 


Rs. 2d per ewt 

White Leaxl 


.,‘24 

Oxkloof Iron 


u u „ 

Yellow Ochre 


mU „ 

lied Ochre . . 


, . I, u „ 

Burnt Sienna 


. . A^. 12 lb. 

Burnt Amber 


• • ^ ,f 

Saxon Green 


. . b „ 
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Those arc nsod for dusting particularly ou young crops. 
ns cereals, tobacco, cotton, etc., which are attacked by grass]m])ivi-, 
and surface weevils. 

Tlu‘ experiments linve also lirought out the value, as a stouiaej, 
poison, of Naphtlialino Emulsion, The great advantage is 
volatility, so that green plants int<Mided for (consumption can h,. 
safely sprayed when mature. Its preparation is dealt witli in Ap- 
pendix TIL 

Althougli tlio experiments now described Inave lieen \'civ 
jiumerous, the work can otdy ))(' I'cgarded as a more or less ronoli 
]U’eiiminary to a much more thorougli investigation of indivkhinl 
compounds which Imve given indiccatious of possibh^ utility, in 
addition to tliose already mentioned in tliis summary, we would 
draw attention to the following : — 

Lead Oxide, 

Lead Sulphide. 

Copper Oxide. 

Copper Sulphide. 

Borates. 

Oxalates. 

Phenyl Hydrazine Compounds. 

T^arium Compounds- 

Lac. 

Zinc Oxide. 



APPENDIX 1. 


Tlie insects \me<\ as subjects in tliis in\'('stigatk)U are the 

ing 

Candrina exlgiui: Hlibii. A coiiinion caterpillar, with a huge 
range of foodplants. feeding on indigo, hicerne, niaize. euitim. 
saiflowev, gram, and a number of weeds, A full a(‘COunt of it ha.s 
been published. (Agricidti’ia] Joniaial of India. VoL I, p. iliJS 
[ 1906 ]). 

Pfodenia Uttondls. Doisd. Another (‘onimun eaierpillar. with 
a still larger range of foodplants. inclncUng tobacco, indigo. hnaMiie. 
cahha^Kn ('astor. jute, potato, niulberrv. etc. A full account f)f it 
has been published. (Memoirs of the Department of Agiicnltiiiv ni 
India, Entoinological Series, Vol. II. No. 5 | lOOS]). 

Op/tdava melicertc. Dr. The senu-looiung cat(U’pillar of tin' lai.stoi' 
plant, known to food also on piijdiorhia piJfddcnf. A full aet'umil 
has heeii published. (Memoirs of t)u‘ Depai'tment of Agricultuiv 
ill India, Entormilogieal Siuvies. \ ol. 11. No. 1 11908]). 

Aiidphei^ nic^adlna. Cram. IvcferuHl to as the ITu'id. 

-V coiiunoii caterpillar feeding upon Uappfiri^ Imi’dM (IhigiiaJ). 

darasuila Chien. The Maize jwrd-rollei. A] \iali<l 

cuiiimoJi on maize. 

Diui'rlaai obldfua. W Ik. Ihe P>elurr liain (ateijullai. <in 
Arciud which is extremely ojunivorous and abundant. 

Siflepla dcroifaia, !<al>r- The CottoJi I.eaf-rollcj’. It lia> a 
range of foodplants in the Malcacm chiefly. A full account has 
hecn publislmd. (Memoirs of the Department of Agricuiture m 
hidia. Entoinological Series, \ol. lb No. 6 [iOOSl). 

Anasui (Danalii) clirj/sippiiv. Linn, heeds on tf.d.ohoph >}>]>. 
(^osmofMa mbidijcm, WJk. The Jute ^emi-looiier. An account 
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has been published. (Agricultural Journal of India, Voi, 
p. 109 [1907]). 

Acridiuut acf'iffjouhsifm, Hurm. {CijHacantltacrts racacea, 8tui ). 
The Black Spotted Grasshopper. Feeds on cotton. (Indian lu^. (■[ 
Life. p. 86). 



APPENDIX IT. 


Having defined classes I and ip the pvacticnl necossit i{'.s of the 
case were considered ; for instance. Iodoform is very doadlv. 
but useless as a field insecticide. We therefore turned to rlu' sub- 
stances in classes I and It that might be useful and we found tliat 
some of them might be commercially available. Wliat are the con- 
ditions wdiich an insecticide must fulfil ? It iuiist be {a) insoluble in 
water or rain washes it oft ; {h) cheap and easily available : (c) si able 
and not apt to decompose into compounds that pois:on tlie leaf. 

Eliminating from classes I and 11 the ('ompoiinds not fulfilling 
these conditions, there remained a small nnmber of siibstanees, 
not of very high killing value, that might be valuable as •’ detenviits ' 
if not as ” msccticides.'' Thus, a plant sprayed witli ( opper 
Sulphide might be so distasteful to caterpillars tliat tliey would leave 
it even if it did not poison them. The commercial possibilh ies of thes<‘ 
were investigated, and it was found some of them were availabh^ as 
dry paints ; these were tested, and among them was a particularly 
elective compound sold as Lemon Chrome : this consists of Lviisiim 
and Lead Chromate in particular inoportions to give a lemon yellow 
tint. Lead Chromate was accordingly tested and gave good le.sult^ , 
its poisoning action was high, and it seemed likely to be a commcuial 
possibility. Up to now all the tests were iiisectary ones ; held tests 
were then made, fii’st on plants under control with a dcfiuile number 
of caterpillars on ; then, as opportunity offered, on crops attacked 
by caterpillars. On these field tests, it was found that some other 
wise suitable compounds injured the plants, and as a result of these 
tests, all otlier compounds but Lead Chromate were, for t ie 
present, abandoned. Lead Chromate offers distinct advantages , it 
is easily made in paste form ; it is yellow and can be easily seen 
oil a sprayed plant ; it is extremely insoluble ; soluble chromates 
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do not poison plants to the extent arsenic does, so even were it . > 
decompose, it would not be injurious ; it does not decompose . :i 
a leaf ; it is not easily washed off ; it contains no arsenic. Diivi:: r 
this year we have applied this compound to a great variety 
crops ; we have sprayed them till every leaf was yellow ; the pois:(ui 
has remained on for over three weeks, thickly on the leaves, whirk 
were uninjured ; sprayed on to crops attacked by caterpillars, tin* 
caterpillars arc killed, and the results obtained have been excellent. 
We have used this at 1 lb. in 32 gallons ; at this strength it is entire Iv 
safe, poisons caterpillars and acts as a very powerful deterrent. 

In protecting plants from caterpillars and grasshoppers there 
are two things to consider : are you dealing with a caterpillar which 
feeds specially on that plant, or are you dealing with a grasshopper 
or beetle which is not restricted to that plant ? For the former you 
must apply an insecticide, a real killing agent, that will poison it. 
because it can feed on nothing but that plant, and all its instincts 
are to do so ; for the latter, a deterrent is sufficient, because it will 
leave that sprayed ci'op and go elsewhere. In certain cases a 
deterrent is sufficient ; in others, especially with caterpillars, vou 
must apply a really deadly compound in small amounts that will 
actually kill. Lead Chromate has not the poisoning effect of Paris 
Green for instance, which can be applied at one pound in 200 gallons : 
but it has a poisoning effect comparable with that of Lead Arseniate 
and is, in our experience, a perfect substitute. 

Lead Chromate is made by dissolving in one lot of water Potas- 
sium Bichromate, in another lot of water Lead Acetate or Nitrate. 
The two solutions are mixed, and a dense yellow precipitate of insolu- 
ble Lead Chromate is formed, and Potassium Nitrate or Acetate. 
The latter is soluble and is readily washed out of the precipitate. 
We have neglected it and prepared our Lead Chromate by dissolving 
the Lead Sait in tlie spraying machine, dissolving s<iparately tlie 
Bichromate and adding the solution to the spraying machine. 
The figures are as follows 

66*2 gi'ammes of Lead Nitrate combined with 29‘4 graninics 
of Potassium Bichromate giving 64*6 grammes of Lead Chioinale 
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showing for impurities, we found tliat Co’2 grununes of oonnuend.d 
L.ud Nitrate combined with 30 grammes of Potassium liirlm,n,ai,' • 
ir, practice 2 ounces of Lead Nitrate combined wifi, oi,,. ounr'e '„f 
Potassium Bichromate giving two ounces of Lead Climmate; il,is 
is the actual amount required for one kerosene tm of waier 'd 
gallons) at full stieugth or for two kerosene tins ol water al l),e 
usual strengtli. 


This is the best way to apply it, to mix the two soliiii„us i„ t|„. 
spraying machine and then apply it : but the jiaste can be puirbascd 
ai)d arrangements have been made for the sale of this ius(>eiictd(‘. 

In India, there is a very large field for the uso of iusoeiicidos. 
hut they arc as yet very little known, hoi' maiiv reasons dirv 
caimot be applied at present to ordinary held erops ; but from expta i* 
incut farms, from those cultivating valuable crops, fin it trt'cs. or 
vegetables we get a steady stream of cmjuiries as to how to check 
beetles, grasshoppers, caterpillars and similar biting insef'ts. To 
all these there is but one answer : apply a stomafT jiolsou : now that- 
a uon-arsenical stomach poison is available, and that a thoroughly 
good reliable hand sprayer can be bought at a ivasonahle prU'c 
iti India, there is no reasoti why sucli pests simuld not he flea It 
with. At Pusa we have occasion to use stomach poisons cousin ntiv ; 
against all insects that injure crops by biting tlu' leavers, wc use 
Lead Chromate and we can use no other method, that is c(pLally 
effective and clieap. Tlie discovery of a sulrstitutf', for arsenic 
removes one objection to this method of ti'catment, and Wi-. Ijelieve 
that tiiere is no reason why the use of this insecticide should not 
entirely remove the losses experienced fioni tliis class of pest on 
the more valuable crops and on experiment farms. There is at 
present no commercial agency tliat advertises and ])uslies the sale 
ef insecticides and machines, but we Irave arranged for the sale oi 
this insecticide and will give particukus on application. (Agricul- 
tural Journal of India, VoL V, p. 138, " A Xcw Insecticide.’’) 
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Peeparation of naphthalene emulsion. 

‘‘ Dissolve 6 oz. size (Patna sirish) in h gallon water ; into this 
stir 1 lb. of soft soap. Dissolve 1 lb. of naphthalene in 1 gallon of 
kerosene. Mix the two solutions at once, and add another half 
gallon of water. The size-soap solution must be as hot as possihio 
and the mixture must be well agitated while mixing.” 

In actual practice, we tried varying amounts of naphthalene ; 
as this is the active ingredient, it is desirable to have as much of 
it as possible ; by warming the oil, more naphthalene is dissolved 
and it was found that the emulsion came successfully in every ease. 
Two, four, six and eight pounds of naphthalene were dissolved in 
the kerosene bv warming for 6 lbs. the oil was heated to 123'F. 
(43T,), for 8 lbs. to 140°E, (58°C.) ; the temperature required for 8 
pounds is as high as is safe in actual practice with ordinary heating 
over hot water or a fire. 

Using 7 lbs. of Naphthalene the cost is : — 

C uz. Siiie . . . , . . ..2 a/?. 

1 lb. Soft Soap . . . . . . . . 2 „ 

1 gallon Kei‘0!?cne . . , . . . II „ 

7 Ibn. Naphthalene .. .. . . Ul „ 

Rs, . . 2-2-0. 


Using this at 5 lbs, of Naphthalene to 100 gallons makes the 
cost per 100 gallons about He. 1-14-0. 

At this strength, the mixture was tested on Castor for Ophatsa 
mdicerie, and Prodenia Uitondis, half the field being sprayed 
Lead Arseniate at the same strength as a check. The concentrated 
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eimilsion of Naplithalene mixes well with water, no separalion takin-^ 
place ; it keeps well and there was no difficnltv in a[)|iU( aii(.)n Tlw 
action was very curious: the plants were swarming witli tluMaicr- 
piilars and were well sprayed with Knapsack spravcis. Tlic ii„- 
nv^diate effect of the Kaptbalenc was to inaka' the ciunpillais iv.t- 
less: they moved about seeking unsprayed leaves; they hoi, d iutn 
the soft stems ; the young ones died, the mature ouos lieeame sa k . 
for one day all feeding in*actiecdlv (-eased and the eatei pillars wen- 
all moving ; but next day, after a day of hot sunshine (teinpeiatuiv 
iu the shade 95°.F.), the plants were free of naphthaleju' : the ratei- 
pillers still in the field were feeding again ; thei-e was no smell of 
naphthalene and the destruction recummcm-cd. 

The half sprayed with Lead Arseiiiatc graduallv bia-aiiu^ char 
of caterpillars ; they died largely, though some moved awa\'. hut on 
tlio whole the action seemed to be one of direet poisouiiig. In three 
days it was clear and remained clear. The fi(‘l(l was s[)raycd 
throughout at the same time and there was no space between the 
two halves. 

Naplitlialeiic applied in this way has no poisoning cll'cct on 
any but small caterpillars ; it has a deterrent ellect and it is as a 
harmless deterrent, which will have e\'aporated m a day or tovo days 
that it is valuable as an insce tickle. It is used on vegetable crops 
intended for consuiiiption with great eil’cct and it is useless as a 
liekl insecticide. 
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Preparation of Copper JIorai'e on a large scale 

FOR FT ELI) TLSE. 

As the composition of Coj)pej' Borate is slated to be uiiccrtaiji 
and 110 really definite information could be found concerning it ; 
a few experiments were performed to see if the preparation of t'o])- 
per Borate by double decomposition from Copper Sulpliate and 
Sodium Borate follow the e(j nation : — 

Cu 80^. o A(| -f Na.. (b' lOA(| = (di i>^ 0. + Na., S04 + loA (p 

Solutions of Copper Sulphate and Borax (S' 852 gramuie^ 
per 100 <‘.c.) wer(‘ made up, and portions of tlie one added lo I la* 
other until no further precipitation took place and Potassiuiu 
h'eiTocyanide did not show its well-known I’eaction with Co[)|)cr 
(a brown colouration) with a <lrop of the solution. 

Pile reaction lietween the Borax and Copper 8ulphat(‘ was haiiid 
to be unsatisfactory: if the (‘opper solution ho added to tlu' Borax 
solution, constant results are obtained, luit dillereut though eijuallv 
constant results are obtained if tlie Borax solution is added to the 
Copper solution. Thus when Copper was added to the boi'ax. it 
w'as found that 1 c.( . of Borax solution was eijuivalent to 0*58 c.c. 
Copper solution, while when the Borax solution was added to llr* 
Copper solution it was found that 1 e,e. of Borax solution was e<jtu- 
valcat to 0'08 c.c, of Copper sulphate solution. 

xVs it is advisable to have the borax solution in slight excels 
or in other word.s to precipitate all the cupper it was decided to 
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tjiR first namocl figure, /.r.. ] e.c. of Borax soluTioii ('.c, of 
( uSo.; solution. Prom this : - 

0’03852 gramme Borax ^0*020 urami!\(^ ( uSo^. 
or. roughly:— 

I of Borax of 
Prepctrailon of (he Spirit/ Incf 

Ti-om li parts of liorax ami 5 parU of Siilphair 

4.1 parts of ('oppcr Rorata ai‘o ol)tainot!, 

You \Tnnl I lb. ia :!() j^alinn-. 

‘2 „ .. 4 

ll>s. of Horax aofl -2:. of (nSo, -='2 of (Vi)1)xt V.uvm.\ 
tl 07.. „ 4 oy,. = '1 .. 

i)!' uai' I'liaroi' c.[' Iln- liiii*'. 
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